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SYSTEM AND METHOD FOR MINIMIZING
THE NEGATIVE ENVIRONMENTAL IMPACT
OF THE OILSANDS INDUSTRY

RELATED U.S. APPLICATIONS

The present application claims priority from U.S. Provi-
sional Patent Application Ser. No. 61/122,195, filed on Dec.
12, 2008 and entitled “INTEGRATED STEAM GENERA-
TION PROCESS FOR ENHANCED OIL RECOVERY
USING A SOLID FUEL BOILER AND DISTILLATION
UNIT”

The present application is a continuation application under
35U.S.Code Section 120 of U.S. application Ser. No. 12/636,
729, filed on Dec. 12, 2009, and entitled “SYSTEM AND
METHOD FOR MINIMIZING THE NEGATIVE ENVI-
RONMENTAL IMPACT OF THE OILSANDS INDUS-
TRY”, presently pending.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

REFERENCE TO MICROFICHE APPENDIX

Not applicable.
BACKGROUND OF THE INVENTION

1. Field of the Invention

This application relates to a system and method for water
recovery from waste water such as mature fine tailings (MFT)
water in the oilsands industry. The recovered water can be
used during the bitumen extraction process or for steam gen-
eration. The heat is used for thermally efficient heating of the
process water for mixing with bitumen ore or for steam gen-
eration. The recovered water can be used for steam generation
in a commercially—available, non-direct prior art steam gen-
erator, as in OTSG (Once Through Steam Generator) and
Boiler type facilities or as a process water to generate the
oilsands ore slurry.

2. Description of Related Art Including Information Dis-
closed Under 37 CFR 1.97 and 37 CFR 1.98.

The present invention minimizes the need for settling fine
tailings basins and enables a sustainable tailing practice of
“reclaiming as you go”. This means continually reclaiming
the excavated oilsands areas and the tailing pond as the mine
progresses to a new location. This invention can also mini-
mize the use of natural gas as a heat source for the extraction
of heavy oil. Petroleum coke, coal or any other low grade,
sulfur-rich carbonic fuel can be used instead of natural gas as
the heat source. The sulfur content of the low grade carbonic
fuel can be reacted with Lime Stone or Lime Sludge slurry
waste from lime softening processes (such as WLS (Warm
Lime Softener), widely used for OTSG water treatment in
EOR facilities like SAGD or CSS). The reaction generates
calcium sulfite or calcium sulfate, possibly anhydrate, which
is extracted with the other fuel combustion and heated tailing
solids (also called dry tailings). The presence of the calcium
sulfite or calcium sulfate, together with the combustion and
tailing solids, can increase the stability of a land-fill in order
to support traffic.

The invention also improves thermal efficiency while mini-
mizing the amount of CO2 generated as compared to the
prior-art facilities used in an oilsands mine to generate the hot
process water for the bitumen extraction. This is achieved due
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to the direct contact heat exchange between the combustion
gas or superheated steam and the process water.

The steam can be used for Enhanced Oil Recovery (EOR)
facilities or for the separation of bitumen and solvents from
sand and water in open mining oil sand facilities. The water
recovery process includes generation and separation of solids
in a ZLD (Zero Liquid Discharge) environment, where a dry
solid waste or semi-dry slurry that can support traffic is gen-
erated for effective disposal. The heat is recovered and used to
heat the processed water, or to pre-heat boiler feed water for
steam generation.

The invention can also eliminate the use of tailing ponds.
However, for this option, large quantities of course tailing
solids (like sand) will have to be filtered and trucked to the
mine site instead of hydro transport as the transportation
method.

Tailing pond water is a by-product of the oil, water and
sand separation process. These ponds are becoming an
increasingly significant environmental problem as the scale
of oil sand recovery increases. 1606 ducks died in 2008 after
mistakenly landing in contaminated ponds in northern
Alberta. The tailing pond problem is continually escalating,
as seen in 1979 when there were tens of millions of cubic
meters of fine fluid liquid tailings. Currently in the Fort
McMurray area there are close to eight hundred million cubic
meters of MFT that covers about 60 square kilometers and
require long term containment. Some of the oldest tailing
ponds are located (irresponsibly), in close proximity to the
Athabasca River. Leakages or extensive rainfall in the area
can cause these tailing ponds to overflow directly into the
river, with devastating effects on the natural environment and
on the settlements downriver. The mature tailing water con-
tains suspended fine sediments (less than 40 microns). This
sediment can include: clay, heavy metals, hydrocarbons like
bitumen, diluent, PAHs (Polycyclic Aromatic Hydrocarbons,
which occur in oil and are a byproducts of burning fuels) and
Naphthenic Acids, (surfactants found in all heavy oil), sul-
phate and sodium salinity. The PAHs tend to settle out with
the fine sediments.

In Situ oilsands projects also generate large quantities of
disposal water and sludge from their softeners in their facility
water treatment plant, steam generation facility and in the oil
separation process.

Another basic characteristic of an oil sands project is the
use of heat and steam. This is a common characteristic for
both surface oil sands mining and In-situ oilsands plants.

In mining, the processed water is heated using steam.
Steam is also used to remove NCG and to separate diluent
from the sand and the water.

In-Situ EOR {facilities use steam for injection underground
in order to separate the oil from the sand and move it to the
surface. Typical EOR In-Situ facilities use SAGD and CSS
(Cyclic Steam Stimulation—“Huff and Puff”) technologies.

Most of the work done to resolve the oil sands tailing ponds
problem, and especially that of mature fine tailing ponds, is
separate from the existence of the oil sand mine and the
energy-intensive extraction plant. Using this approach (of
separating the cause from the problem) will allow companies
to defer the solution to the future, at which time the oil
facilities plants will stop operating or have re-located. Such
an approach can defer the mature fine tailing reclamation
costs to the future, allowing maximization of the Oil Compa-
nies present profits while leaving the MFT problem to future
generations. It is expected that the ERCB (Energy Resources
Conservation Board) will reinforce actions to resolve the
MET problem. In a recent presentation done by the ERCB, it
was said that “Fluid tailing volumes are growing steadily . . .
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no fluid tailings pond reclaimed . . . and neither the public nor
the government is prepared to continue to accept commit-
ments that are not met and increasing liabilities”. The strategy
currently inuse by Alberta regulators is to force oil producers
to implement at least a partial solution for the problems asso-
ciated with oil sand tailing ponds.

Abasic technical problem and/or disadvantage arises when
delaying the resolution of the MFT problem to the future:
where the oil is recovered, it would be uneconomic to use an
intensive energy method, which uses extensive heat to resolve
the fine tailings pond problem. In the present invention, the
heat used to resolve the MFT problem is recovered to produce
hot water and steam that is used by the oil sand production
facility, with minimal energy waste. The overall thermal effi-
ciency of the invention, (which will be reflected in the volume
of CO2 emitted) for operation of an oilsands mine plant, is no
significantly higher than using steam boilers, as is typically
done today to generate steam that is used to heat the process
water used for bitumen extraction. This is true even without
considering the other advantages of the current invention
compared to the prior-art steam generator; advantages like
resolving the MFT problem, reduction of fresh water con-
sumption and the use of low grade fuel (like petcoke) instead
of natural gas. In the future, if the heat energy cannot be
consumed by a producing oilsand facility, the heat energy will
be wasted which will make the implementation of my inven-
tion to consume the MFT pond unfeasible. Other methods
(like thickening, centrifuge, weather drying and water cap-
ping) that do not use intensive heat can still be used even when
the oilsand mines are not in operation. The issue outlined
above is one corporate present commercial disadvantage of
the invention as compared to other solutions for the MFT.

However, there is no commercially feasible solution cur-
rently in use that completely resolves the oil sand tailing
problem in Alberta. There are several activities being carried
out by the oil sand producers that are at different R&D stages.
The technologies considered which are being tested by the
industry include: Evaporation Dry and Freeze Thaw, In-Situ
Densification (coke capping), Thickened Tailing, Accelerated
Dewatering, Centrifuge MFT, MFT Water Capped Lake and
Consolidated Tailing (CT).

Currently, there is a large-scale centrifuge pilot project in
the works. The tailing ponds require either mechanical or
chemical manipulation before subjecting the tailing fine clays
to the spindry cycle. To consolidate its tailings (CT), gypsum,
a byproduct of the flue gas system for scrubbing out sulphur,
is added, possibly with lime. The theory is that the gypsum
interacts electrostatically with the clay and the weight of the
added sand squeezes out the water. The thickening process,
however, uses flocculants. The flocculants are organic poly-
mers that increase the amount of settling in order to generate
non-segregating tailings. The chemical treatment, in which
very long molecules stick to different clays and interact
mechanically, is enhanced through the addition of sand.

Another activity uses CO2. High purity CO2 is the by-
product of a hydrogen plant. The CO2 causes a very slight
acidification which helps release calcium ions. Most impor-
tantly, it also has an electrostatic effect and reacts chemically
with the sediment. Whatever the process, the resulting dry
stackable tailings have similar properties. The only commer-
cially operated options are the CT and the MFT Water Capped
Lake. Field pilots are currently being done for the Centrifuge
MEFT, the Accelerated Dewatering and thickened tailings.
Most of the methods used by the industry include natural (or
accelerated) dewatering. Relying on dry weather in Fort
McMurray can be tricky. Project execution personnel are well
aware of the challenges involved in reducing the moisture
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content of the soil (to increase soil compaction) due to unex-
pected precipitation in that area. There is also a chance that
the precipitation in the area will increase in the future due to
global warming. It is to be expected that drying the MFT will
become even more challenging. The prior-art commercially
available thickening tailing process and the MFT centrifuge
or thickening process can be incorporated into the invention
to increase the total amount of treated tailing and solids (dry
tailings) removed. The thickened tailing, from flocculants
enhanced thickening process or from a centrifuge process,
can beused in my invention to produce solid waste, which can
be used as back-fill for supporting traffic, thus increasing the
amount of MFT consumed.

The present invention is based on the opportunity of solv-
ing the waste sludge or fine tailing water problem through the
use of intensive heat processes, while recovering the water
and heat. It can then be used for steam generation or for
heating the process water in an oilsands extraction mine facil-
ity. Through this integrated approach, the tailing pond waste
can be ftreated using energy-intensive processes (like
DCSG—Direct Contact Steam Generation), to generate
steam and solid wastes that can be disposed of in landfills or
as back-fill mine construction material, mine refill, or direct
reclamation in the oilsands ore excavation with minimal envi-
ronmental impacts.

The definition of “Direct Contact Steam Generation”
(DCSG) is thatthe heat is transferred between the liquid water
and the combustion gas. This is accomplished through the
direct mixing of the two flows (the water and the combustion
gases). In the DCSG, the combustion pressure is similar to the
produced steam pressure and the combustion gases are mixed
with the steam. The combustion gas is mixture of CO2 steam,
and possibly nitrogen and other gases. If steam is available, it
can be used instead of the combustion gas mixture. The
DCSG can also be named “Dryer” as it dries liquid wet
tailings stream with combustion heat to produce a dried tail-
ings stream and recoverable vapor.

In a Non-Direct Steam Generator (like a steam boiler with
a steam drum and a mud drum) or a “Once Through Steam
Generator” (OTSG), the heat transfer and combustion gases
are not mixed and the heat transfer is done through a wall
(typically a metal wall), where the pressure of the generated
steam is higher than the pressure of the combustion. This
allows for the use of an atmospheric combustion pressure.
The product is pure steam (or a steam and water mixture, as in
the case of the OTSG) without combustion gases.

Various patents have been issued, that are relevant to this
invention. For example, U.S. Pat. No. 8,137,566, issued on
Mar. 20, 2012 to Bozak et al., describes a method for treating
tailing wastes. The method includes the use of jet pumps for
agitating the liquid tailings for separation during the carbon
phase. The tailings are flocculated and dewatered.

U.S. Pat. No. 4,969,520 Issued on Nov. 13, 1990 to Jan et
al., describes a method for treating water for the production of
steam for EOR while generating sludge (which is composed
mainly of calcium carbonate and magnesium hydroxide). It
also describes the separation and recovery of liquids from the
sludge using centrifuge, and possibly using a flocculant. The
solids are disposed of in a land fill.

U.S. Pat. No. 6,036,748 Issued on Mar. 14, 2000 to Wallace
et al., describes a process for reducing the temperature for
dissolving gases in black water, which is generated by a
gasifier. The process includes flashing the water under low
pressure to release the gas and generate evaporation within
the black water. This reduces the water temperature while
generating water vapor. Some of the water vapor is later
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condensed and recycled. The remaining, cooled black water
is treated to remove the solids.

U.S. Pat. No. 6,706,199 issued on Mar. 16, 2004 to Winter
et al., describes a method and apparatus for withdrawing and
dewatering slag from a gasification system, using a sloped
conveying lock hopper with rotating auger located in the
conveyer of the lockhopper. The solid slag converges upwards
while being separated from the water. U.S. Pat. No. 6,027,056
Issued on Feb. 22, 2000 to Maciejewski et al., describes a
method for the assembly and slurrying of oil sand containing
oversized lumps and water, while removing the oversized
lumps and producing slurry suitable for piping to a separation
facility.

Canadian patent 1,211,063 Issued on Sep. 9, 1986 to de
Calonne, describes a method to treat tailing sludge, as gener-
ated in an open oilsands mine. The sludge is mixed with
secondary fuel, like petcoke or coal. The water content of the
mixture is then reduced to produce a mixture suitable for
self-sustaining combustion. The combustion heat is used to
produce steam (through a boiler heat exchanger) foruse in the
extraction process. The combustion process is done in a flu-
idized bed combustion furnace.

It is a goal of the present invention to provide a system and
method for the use of waste water and any type of fuel while
recovering the water and producing solid waste, to improve
deep tar extraction EOR facilities, like SAGD or CSS.

It is another objective of the present invention to provide a
system and method for the use of discharged water and tailing
water, while recovering the water and removing solid waste,
to improve oil sand extraction facilities like oil sand surface
mining and excavating.

These and other objectives and advantages of the present
invention will become apparent from a reading of the attached
specifications and appended claims.

BRIEF SUMMARY OF THE INVENTION

A method for use of solids-rich water, such as fine tailings
or lime sludge for extracting bitumen from shallow and deep
underground oilsands formations. The method comprising
the steps of mixing hot combustion gas or steam with solids-
rich water under pressure; gasitying liquid water to a gas
phase steam and solids; removing the solids from the gas
phase to generate a solid lean gas phase; mixing the gas with
process water or by the use of a heat exchanger to condense
the steam and to recover gas heat; and using the generated hot
water for extraction of bitumen.

The method may further comprise the steps of using the
generated hot water for steam generation and non-direct pre-
heating ofboiler feed water; and using the steam in an oil sand
enhanced oil recovery facility or a mining extraction facility.
The method may further include generating a portion of the
process water by recovering the heat and condensing the
steam generated from the fine tailings and the combustion
gases.

The method may further comprise the steps of combusting
low grade fuel, like petcoke or coal, with oxygen containing
gas, like air, to generate said hot combustion gases; recover-
ing at least a portion of said combustion heat for generating
high pressure steam from dematerialized water; and using at
least part of said high pressure steam for stripping gases or
solvents from the extracted bitumen or for generating steam
to replace the combustion gas and drive the process.

The method may further comprise the steps of mixing
saturated water with the solid lean gas phase to scrub remain-
ing solids and to produce saturated steam and combustion
gases mixture; recycling at least a portion of the saturated
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water with the scrubbed solids and mixing it with said com-
bustion gas; and condensing the saturated steam to generate
heat and dematerialized condensed water for steam genera-
tion for use in enhanced oil recovery.

The method may further comprise the steps of mixing
combusting fuel and oxidizer gas to generate combustion
gases; adding an alkaline chemical, such as limestone, to the
fuel to reduce the amount of generated acids, such as SO2;
mixing the gas phase with saturated water with alkaline
chemical to scrub the remaining solids and acid gases, such as
S0O2, and produce saturated steam and solid rich saturated
water; and recycling at least part from said solid rich saturated
water and mixing it with the combustion gases to convert the
liquids to gas.

According to another aspect, the present invention further
comprises the steps of condensing the saturated steam to
generate heat and clean condensed water for steam genera-
tion; using the hot condensed water for steam generation; and
injecting the steam into an underground formation through an
injection well for enhanced oil recovery. According to
another aspect of the present invention, a method for use of
solids-rich water, such as fine tailings water, for extracting
bitumen from shallow underground oil sand formations, the
method comprising the steps of mixing hot combustion gas or
steam with fine tailings water under pressure; gasifying the
liquid water to gas phase comprising steam and solids; for
tailings includes organics like hydrocarbons, portion of the
organics like hydrocarbons can be combusted or pyrolysis
due to the exposure of the organics within the liquid to the
combustion heat and the mixture with the hot combustion gas;
separating the solids and the gas phase; mixing the gas with
process water in direct contact or through a heat exchanger to
condense the steam and recover the gas heat; mixing the
generated hot water with the oilsands ore to generate a slurry;
and extracting bitumen from the slurry.

According to one aspect of the present invention, a method
for recover bitumen from minable bitumen formations, such
as shallow oilsands formations, comprising the steps of min-
ing a formation that contains bitumen and inorganic soil, like
oilsands; combusting carbon or hydrocarbon fuel with oxy-
genated gas to generate combustion gas; mixing process
water with the combustion gas to generate a stream of hot
water and Non-Condensing Combustion Gas; mixing the
mined formation with hot process-water to generate a slurry;
recovering bitumen from said slurry; recovering process
water from said slurry; and recycling said process water and
mixing it with said combustion gas.

According to another aspect of the present invention, fur-
ther comprising the steps of mixing fine-tailing water with
said combustion gas or steam to evaporate the water from the
fine-tailing and generate a stream of steam, solids and possi-
bly combustion gas; removing the solids from said gas phase
to generate a solids lean gas stream of steam and combustion
gas; extracting heat (directly or indirectly) from the solid lean
gas stream to condense the steam to water; using the extracted
heat to heat the process water flow to generate said stream of
hot water; recovering part of said combustion heat to generate
high pressure steam from dematerialized water; and using at
least part of the generated high pressure steam to remove light
hydrocarbons like solvents and Non Condensable Gases from
said bitumen.

According to another aspect of the present invention, the
invention describes a method for recovering bitumen from
minable bitumen formations, such as shallow oilsands forma-
tions, comprising the steps of mining shallow formation that
contains bitumen and inorganic soil, like oilsands, to extract
oilsand ore; combusting carbon or hydrocarbon fuel with
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oxygenated gas in a gasifier to generate syngas and heat;
combusting the Syngas with oxidizing gas and mixing non
segregating fine-tailings water with the combustion gas to
evaporate the water from the fine-tailings and generating a
stream of steam, solids and combustion gas; removing the
solids from the gas phase to generate a solids lean gas stream
of steam and combustion gas; extracting heat and water from
the solids lean gas stream; using the extracted heat and water
to heat process water flow; mixing the hot process—water
with said mined oilsands ore to generate a slurry; recovering
bitumen from said slurry; disposing of the slurry course sol-
ids; and process water; recovering the non segregating fine-
tailings water and process water; recycling said process water
for reuse; recycle said non segregating fine-tailings water
back to the syngas combustor; and mixing at least portion of
said Non Condensable Combustion Gas, after the water and
the heat were recovered, with water, like tailings water, to
reduce the pH and increase the settling of different compo-
nents in the water.

According to another aspect of the present invention, the
invention describes a system for reuse of solids-rich water for
extracting bitumen from shallow and deep underground oil-
sands formations. The system comprises a combustion boiler,
mixing fuel with oxidation gases therein, forming a mixture,
combusting the mixture under high pressures and tempera-
tures therein to generate combustion gases, recovering a por-
tion of the combustion heat to generate steam, said fuel being
a carbonic fuel; a gas-solid separator unit, the combustion
gases being transferred thereto and removing dry form solids
from the gas-solid separator unit; a distillation water treat-
ment plant, generating a stream of water using heat from the
combustion gas and steam from the separator unit, wherein
the distillation water treatment plant is in fluid connection
with the combustion boiler; an enhanced oil recovery facility,
having a steam injection well, a bitumen and water produc-
tion well and a separation facility to separate the bitumen
from the water in fluid connection to the steam boiler and to
the water treatment plant; a direct contact steam generator,
mixing said combustion gases generated by the combustion
boiler with water containing high levels of solids therein to
form a combustion gas mixture, evaporating the water in the
combustion gas mixture to leave the solids in a dry form,
wherein the direct contact steam generator is in fluid connec-
tion to the combustion boiler and to a water treatment facility,
wherein the gas-solid separation unit and said distillation
water treatment plant are in fluid connection with the direct
contact steam generator.

According to another aspect, the present invention further
comprises a system for use of solids-rich water for extracting
bitumen from mineable underground oilsands formations.
The system comprises an oilsands open mine facility that
excavates oilsands ore; mixing the ore with hot process water;
separating the bitumen from the water; discharging the course
tailings; generating a flow of process water; and generating a
flow of fine tailings; a pressurized boiler for combusting
sulfur rich, carbon fuel, like petroleum coke or coal, possibly
with alkaline slurry, like Lime stone slurry, possibly with
sludge generated from water Softening process; a Direct Con-
tact Heat Exchanger to wash the boiler combustion gases,
recovering the heat and steam while heating the oilsands mine
facility process water for extracting bitumen; said oilsands
open mine facility is in fluid connection with said Direct
Contact Heat Exchanger for the purpose of heating the pro-
cess water; said pressurized boiler is in fluid connection with
said Direct Contact Heat Exchanger for the purpose of
extracting heat from said boiler combustion gas; a Direct
Contact Steam Generator (DCSG) for mixing Fine Tailings
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water, possibly with alkaline slurry, with combustion gas to
generate a solids, steam and combustion gases mixture with a
solids separator to remove solids; said DCSG is in fluid con-
nection with said oilsands open mine facility for the purpose
of consuming said fine tailings water for steam generation;
said DCSG is in fluid connection with said Direct Contact
Heat Exchanger for the purpose of condensing the steam and
heating said process water.

The present invention also comprises from the following

steps:

Combusting carbon or hydrocarbon fuel with oxygenated
gas to generate combustion gas and possibly steam.

Mixing waste liquid water with the combustion gas or
steam to evaporate the liquid water from the waste liquid
and generating a stream of steam, solids and combustion
gas. If the waste liquid includes organics, organics
within the waste liquid can be combusted or pyrolysis
due to the exposure to the combustion heat. The extent of
the organic combustion or pyrolysis is a function of the
type and the concentration of the organics within the
waste liquid, the operation temperature and the excess of
oxidation gas that was used.

Separating the solids from the gas phase to generate com-
bustion gases or possibly steam flow.

Extracting heat from the solid lean gas stream while con-
densing the steam into useable liquid water.

Heating process water flow with the extracted heat.

Extracting oilsands with the hot process water.

An alternative method/embodiment of the instant invention
comprises from the following steps:

Mining a formation that contains bitumen and inorganic
soil, like oilsands.

Mixing the mined formation with hot process-water to
generate slurry.

Recovering the bitumen.

Disposing of the course solids.

Separating the process-water from the fine-tailing water.

Pre-heating the fine tailings.

Heating the process water flow with extracted heat.

Heating the fine-tailing water with the combustion heat or
the steam to evaporate the water from the fine-tailing and
generating a stream of steam, solids and possibly com-
bustion gas.

Separating the solids from the gas phase to generate a
solids lean gas stream of steam and possibly combustion
gas.

Recycling the hot process-water to the first step.

Mixing the mined formation with hot process-water to
generate a slurry.

An alternative method/embodiment of the instant invention
comprises from the following steps:

Combusting carbon or hydrocarbon fuel with oxygenated
gas to generate heat and combustion gas.

Heating fine tailing with the combustion heat to generate a
mixture of solids and gas. Removing the solids from the
gas phase to generate a solids lean gas stream of steam
and combustion gas.

Extracting heat from the solid lean gas stream to condense
the steam to process-water.

Mixing the mined formation with hot process-water to
generate a slurry.

An alternative method/embodiment of the instant invention
comprises from the following steps:

Combusting carbon or hydrocarbon fuel with oxygenated
gas to generate heat, using at least a portion of the heat
for generating steam, mixing the steam with tailings to



US 9,315,734 B2

9

convert the tailing water into steam and solids, removing
the solids from the gas phase.

Extracting heat from the solid lean gas stream to condense

the steam to process-water.

The method and system of the present invention for steam
production for extraction of heavy bitumen by injecting the
steam to an underground formation or by using it as part of an
above ground oil extraction facility includes the following
steps: (1) mixing carbon or hydrocarbon fuel and oxidizing
gases like oxygen, enriched air or air; (2) combustion of the
mixture under high pressure and temperature; (3) mixing the
combustion heat with liquid water that include high levels of
solids and organics while transferring the liquid phase to a gas
phase, where organics within the liquid water can be com-
busted due to the mixture with the hot combustion gas; (4)
separating the solids and the gas phase; (5) using the gas
phase heat to evaporate the de-oiled produced water and
make-up water at the distillation facility to produce distilled
water and concentrated brine; (6) recycling the discharge
fluids, like brine from the water treatment facility and blow
down from the steam generation facility back to the first step
and mix them with the combustion gas; (7) using the pro-
duced water (BFW) for steam generation through non-direct
heat exchange with combustion gas (This can be done in a
separate commercially available steam generation facility or
by recovering part from the heat from the DCSG.); (8) using
the produced steam to recover oil. In another embodiment, to
improve the solids removal and possible SO2 removal, if
sulfur rich fuel is used, the produced gas will include these
two additional steps after step (4) above: (4A) mixing the
produced gas with liquid water, possibly with lime or other
alkaline materials for SO2 removal, at saturated temperature
and pressure in order to produce a clean, wet saturate steam
and gas mixture, while removing most of the SO2 and scrub-
bing any remaining solids from the gas; (4B) recycling at least
part of the solid rich water that includes the scrubbed solids,
the generated calcium sulfite and calcium sulfate back to step
(3) and mixing it with combustion gas to convert the liquid
phase water to steam.

Step (3) can be done in a Direct Contact Steam Generator
reactor, where most of the water evaporates as it is converted
to steam. There are several feasible designs for the DCSG.
The structure can include, but is not limited to: a horizontal
rotating reactor, a fluidized bed reactor and an up-tlow reactor
or any other reactor that can be used to generate a stream of
gas and solids. Any other DCSG, like a pressurized spray
dryer that can consume the highly contaminated water can be
used as well to convert the water to steam and solids. The
DCSG can be operated by using steam instead of combustion
gas. A horizontal rotating reactor can generate, due to the
rotating movement, a form trafficable agglomerates tailings
that are not sticky.

The discharged NCG is at a relatively low temperature,
close to the water condensation temperature. The cooled
combustion gases can be discharged to the atmosphere. An
additional option, if the recovery of CO2 for sequestration is
required, is to separate the CO2 from combustion gases using
amembrane. Low temperature membrane technology is com-
mercially available. The discharged pressure will be used for
the separation process.

Another option is to use an oxygen plant where the com-
bustion gases will be mainly CO2, which can be directly
recovered for sequestration.

According to one aspect of the present invention, a method
has been provided for producing a steam and gas mixture for
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injection into an underground formation to extract heavy
bitumen by mixing fuel with oxidation gases to form a mix-
ture; combustion of the mixture under high pressures and
temperatures to generate combustion gases; mixing said com-
bustion gases with water having a high level of solids therein
to form a combustion gas mixture; evaporating the water in
the combustion gas mixture to leave the solids in a dry tailings
form where the dry tailings are de-hydrated due to the thermal
heating of the liquid wet tailings; washing the combustion gas
mixture with water at a saturated temperature and pressure;
scrubbing any remaining solids from the combustion gas
mixture to form a clean steam and gas mixture; and injecting
the clean steam and gas mixture into the underground forma-
tion to extract the heavy bitumen.

According to another aspect of the present invention, a
system is provided for producing a clean steam and gas mix-
ture for injection into an underground formation to extract
heavy bitumen by mixing fuel with oxidation gases in a
combustion boiler to form a mixture, combustion of the mix-
ture under high pressures and temperatures in the combustion
boiler to generate combustion gases, mixing said combustion
gases with water in the combustion boiler having a high level
of'solids therein to form a combustion gas mixture, evaporat-
ing the water in the combustion gas mixture to leave the solids
in a dry form, transferring the combustion gases to a gas-solid
separator unit, removing the dry form solids from a gas-solid
separator unit, transferring the combustion gases to a steam
generation and wash vessel, washing the combustion gas
mixture in the steam generation and wash vessel with water at
a saturated temperature and pressure, scrubbing any remain-
ing solids from the combustion gas mixture to form the clean
steam and gas mixture, and injecting the clean steam and gas
mixture into the underground formation to extract the heavy
bitumen.

According to another aspect of the present invention, a
method is provided for producing a pure steam mixture for
injection into an underground formation to extract heavy
bitumen by mixing fuel with oxidation gases to form a mix-
ture; combustion of the mixture under high pressures and
temperatures to generate combustion gases; mixing said com-
bustion gases with water having a high level of solids therein
to form a combustion gas mixture, evaporating the water in
the combustion gas mixture to leave the solids in a dry form,
removing the dry form solids; washing the combustion gas
mixture with water at a saturated temperature and pressure,
scrubbing any remaining solids from the combustion gas
mixture to form the clean steam and gas mixture; transferring
the clean steam and gas mixture to a heat exchange condenser,
using heat from the clean steam and gas mixture to heat water
supplied from a distillation facility, combustion of the water
from the distillation facility to generate a pure steam mixture
that can be used to extract the heavy bitumen, and injecting
the pure steam mixture into the underground formation to
extract the heavy bitumen. According to another aspect of the
invention, the pressurized combustion gas driving the DCSG
can be replaced by the usage of steam.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS.1,1A,1B,1C, 1D, 1E, 1F, 1G and 1H are schematic
diagrams of the present invention for the generation of hot
water for oil-sand mining extraction facilities, with fine tail-
ing water recycling, in order to achieve zero liquid discharge
with fine tailing water recycling.



US 9,315,734 B2

11

FIG. 11 is a schematic diagram of the principal of Direct
Contact Steam Generation and Non-direct Contact Steam
Generation.

FIG. 2 shows a general block diagram of a prior art steam
generation facility used in the oil industry. These facilities are
standard and are commercially available.

FIGS. 2A, 2B, 2C and 2D are other schematic views of the
present invention with oilsands mine fine tailing water recy-
cling.

FIGS. 3, 3A, and 3B are schematic views of an illustration
of'the current invention for the generation of pre-heated water
that can be used at a later time for steam generation in an oil
sand EOR facility or mining extraction facility.

FIG. 4 is a schematic view of an illustration of the current
invention without waste water discharge and SO2 removal.

FIG. 5 is a schematic view of the current invention with a
direct contact steam generator.

FIG. 6 is a schematic view of the current invention with
steam generation and non-direct pre-heating of boiler feed
water.

FIG. 7 is another schematic view of the current invention
with steam generation and non-direct pre-heating of boiler
feed water.

FIG. 8 is a schematic of an integrated facility of the present
invention with a commercially-available steam generation
facility and enhanced oil recovery for heavy oil production.

FIG. 9 is a schematic of an integrated facility of the present
invention with a commercially-available steam generation
facility and open-mining oilsand facility.

FIG. 9A is a schematic view of a combined fluidized bed
combustion boiler and a direct contact steam generator with
an in-direct internal heat exchanger for generation of high-
pressure steam.

FIG. 10 a schematic of an integrated facility of the present
invention with a commercially-available steam generation
facility, open-mining oilsand facility, and gasifier for syngas
generation.

FIG. 11 is a schematic view ofthe present invention with an
open mine oilsand extraction facility, where the hot process
water for the ore preparation is generated by recovering the
heat and condensing the steam generated from the fine tail-
ings and the combustion gases without the use of a tailing
pond.

FIG. 11A is a schematic view of integrating a pressurized
boiler with an oilsands mine for heating the ore preparation
process water in a direct contact with the combustion gases.

FIG. 12 is a schematic view ofthe present invention with an
open mine oilsand extraction facility, where the hot process
water for the ore preparation is generated from condensing
the steam produced from fine tailings. FIG. 12A is a sche-
matic view of FIG. 12, incorporating a direct contact steam
generator.

FIG. 13 is a schematic view of a gasifier unit and an open
mine oilsand extraction facility, where the hot process water
is heated in direct contact with the syngas.

FIG. 14 is another schematic view of the present invention
with an open mine oilsand extraction facility, where the hot
process water for the ore preparation is generated from con-
densing the steam produced from fine tailings.

FIG. 15 is a schematic view ofthe present invention with an
open mine oilsand extraction facility, where the heat source is
a gasifier with maximization of mature fine tailing recovery.

FIG. 16 is a schematic view ofthe present invention with an
open mine oilsand extraction facility, where the hot processed
water for the ore preparation is generated from direct contact
heat exchange between the process water, the condensing
steam generated from the mature fine tailing, and the com-
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bustion gas. FIG. 16 A is a schematic view showing the system
of FIG. 16 with a direct contact steam generator.

FIG. 17 is a schematic view of the present invention with an
open mine oilsand extraction facility, where the hot process
water for the ore preparation is generated from condensing
the steam generated from the mature fine tailings and from
cooling the combustion gas through an indirect heat
exchanger.

FIG. 18 is a schematic view of the present invention with an
open mine oilsand extraction facility and a prior art commer-
cially available pressurized fluid bed boiler that was used for
combustion coal for power supply.

FIG. 19 is a schematic view of the present invention with an
open mine oilsand extraction facility that includes cyclones
and thickeners, a tailing pond, a rotating direct contact steam
generator and with indirect heat exchange.

FIG. 20 is a view of the present invention with an open
mine oilsand extraction facility with 5 areas where AREA1 is
the oilsand mine plant, AREAZ2 is a steam generation facility,
AREA3 is the process water heating area, AREA4 is the
tailing pond area with MFT pumping and AREAS5 is the
pressurized up-flow boiler with MFT injection for steam gen-
eration.

FIGS. 21, 22, and 23 are schematic views and charts of
results, respectively, of the present invention as presented by
a simulation program described in Example 1.

FIG. 24 is a graph illustration of System Pressure and
Water Flow for process simulation according to Example 2.

FIG. 25 is a chart of results from a process simulation of the
present invention according to Example 4.

FIG. 26 is another chart of results from a process simula-
tion by the present invention according to Example 5.

FIG. 27 shows a series of graph illustrations of the process
simulation of the present invention according to Example 6.

FIG. 28 shows a series of graph illustrations of pH adjust-
ment in the process simulation of the present invention,
according to Example 7.

DETAILED DESCRIPTION OF THE DRAWINGS

FIGS. 1, 1A, 1B, 1C, 1D, 1E, 1F,1G and 1H are self
explanatory block diagrams for describing the present inven-
tion.

FIG. 11 is a self explanatory comparison of the principal of
Direct Contact Steam Generation and Non-direct Contact
Steam Generation.

FIG. 2 shows a general block diagram of a prior art steam
generation facility used in the oil industry. These facilities are
standard and are commercially available. They include two
basic units—a water treatment unit 1, and a steam generating
unit 2 that uses the treated water. The water treatment facility
can be any type of commercially available facility—a warm
lime softener, an RO (Reverse Osmosis) facility, an evapora-
tion based facility or ion exchange—based facility. Feed
water 3 is treated to remove impurities. The particular water
treatment facility in use and the level of water purity depends
on the water 4 quality required by the steam generation facil-
ity, as there is a significant difference between the water
requirements of OTSGs and boilers. The water treatment
plant 1 generates a stream of rejected water. This reject water
is typical of the water treatment process currently being used.
It can include sludge from the lime softeners, water from the
filters, ion exchangers and polisher back-flashes or back-
washes, RO reject water, evaporator blowdown, etc. The
steam generation plant can be an OTSG or Co-Gen facility
that generates 80% steam 7. It could also be a steam boiler that
generates 100% steam 7. In the heavy oil industry, it is stan-
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dard to use OTSG for in-situ facilities (like SAGD or CSS)
and to use steam boilers producing 100% quality steam for the
oil sand open mining facilities, as seen in steam generation
facility 2. Most of the water is recycled and used as an in-
direct heat transfer medium. Steam generation facility 2 uses
carbon based fuel or hydrocarbon fuel 5 and oxidizer gas 6. In
most of the current oil sands projects, the fuel in use is natural
gas and the oxidizer gas is air. There are also commercial
projects in which the fuel is syngas, mainly CO. An additional
option for fuel is to use the produced bitumen, possibly in the
form of a slurry mixture. Typically, the oxidation gas 6 is air
under atmospheric pressure. Another option is to use enriched
air or pure oxygen as the oxidizing gas, (see patent applica-
tion WO 2006/016042 A1 for Michel Conturie et al, pub-
lished 16 Feb. 2006). However, oxycombustion requires the
use of an air separation unit to generate an oxygen—rich gas
stream. This type of boiler can be used if the high concentra-
tion produced CO2 discharged from boiler 8 can be used as
part of the process or for sequestration (to offset the air
separation plant costs). Typically, the combustion gas 8 is
released to the atmosphere through the steam generator stack
at a temperature slightly higher than the dew—point, to pre-
vent corrosion. The steam generation emits a stream of reject
water. The quality and quantity of the reject water depends on
the steam generation facility in question. For OTSG, 80%
quality steam is generated. The remaining 20% water can be
flashed in a few stages to recover water in the form of low-
pressure steam. 9. Then, the remaining water is discharged as
reject water, preferably to disposal wells (or to a separate
ZLD facility, if required by environmental regulators). For
boiler—based steam generation, water is constantly being
discharged from the boiler mud drums 9. The produced steam
7 is used for injection into the underground formation, (in the
case of In-Situ steam generation facilities) or for heating the
processed water, the bitumen slurry and the sandy water. The
steam is also used for flashing the diluent into the open mine
excavation-based oil sand facilities.

FIG. 2A is a schematic of the present invention for the
generation of hot water for oil sand mining extraction facili-
ties, with fine tailing water recycling, in order to achieve zero
liquid discharge with fine tailing discharge. Energy 1 is being
injected into reactor 3. The energy should be in the form of a
high temperature combustion gas, typically in the range of
1300-400 C. Another option is to inject the energy in the form
of high temperature steam. Typically super-heated dry steam
in temperatures ranging 250-600 C. Another option is to
inject the carbon or hydrocarbon fuel, (like natural gas or
petcoke slurry) and the oxidizer gas (like air) into the steam
generation reactor 3 and then combust them. Energy is
released in the form of heat to generate hot combustion gas.
Fine Tailing water 5, possibly with high concentrations of
solids like clay, hydrocarbons and other contaminants, is
injected into DCSG (Direct Contact Steam Generator) reactor
3, where most of the water evaporates as it is converted to
steam. There are several feasible designs for the unit 3. The
design can include a horizontal rotating vessel, a fluidized bed
reactor, and an up-flow reactor or any other reactor that can be
used to generate a stream of gas and solids. Any available
DCSG unit that can consume Fine Tailings and generate
steam and solids can be used as reactor 3, like a fluid bed
dryer, a rotary dryer, a flash dryer, a dispersion dryer, a ring
dryer and a jet dryer. Some commercially available reactors
types are design to operate with higher internal solids content,
accordingly portion of dried solids material 4 and 22 can be
recycled by mixing it with the oil sands tailings 5 to increase
the solid content in apparatus 3 to mitigate fouling and to
increase the thermal evaporation efficiency in the drying reac-
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tor. A stream of hot gas 6, possibly with carried-on solids
generated in reactor 3, flows into a commercially available
solid-gas separator 20, like cyclone. Also, solids 4 can be
discharged directly from the reactor 3 (depending on the type
of'the DCSG reactor used). The separated solids 22 and 4 are
disposed of in a landfill. They can be mixed with tailing
slurries in order to generate a stable material that can be
disposed of into an oilsand mine for reclamation and for
supporting traffic. The solid lean gas flow 21, with steam from
water flow 5, is mixed with the oilsand mine process water 8
in vertical vessel 7. Few commercially available drying reac-
tors 3 designs are better operated where portion of the solid
lean gas 21 recycled back to the combustion stage. The pro-
cessed water is heated due to direct contact with the gas 21.
The water carried within the gas condenses and is converted
to process water 8. The heated water 9 is typically at tempera-
tures of 70 C-90 C. It is recycled back to the oil sand mine,
where it can be mixed with the excavated oil sand ore after
passing through the breaker. The pressure in the system can
range from slightly above 1 bar up to 50 bar. An increase in
pressure augments the efficiency of the water heating and
recovery and reduces the needed facility size. The down-side
of using high pressure, however, is that higher TIC (Total
Installed Cost) and operation costs for the facility will need to
be taken into consideration.

FIG. 2B is a schematic of the present invention for the
generation of hot water for oilsand mining extraction facili-
ties, with Fine Tailing water recycling.

Block 1A includes a Prior Art commercial open mine oil-
sand plant. The plant consists of mining oilsand ore and
mixing it with hot process water, typically in a temperature
range of 70 C-90 C, separating the bitumen from the water,
sand and fines, and discharging the water mixture to a tailing
pond. The cold process water 8 includes recycled process
water together with fresh make-up water that is supplied from
local sources (like the Athabasca River in the Wood Buffalo
area). Another bi-product from the open mine oilsand plant is
Fine Tailing (FT) 5 which, after a time, is transferred to a
stable Mature Fine Tailings (MFT). Hot pressurized combus-
tion gas or a mixture of fuel and oxidizer or steam 1 is fed to
enclosure 3. The hot combustion gases or steam are mixed in
enclosure 3 with a flow of FT 5 from Block A1. Most of the
liquid water in the FT is converted to steam. The remaining
solids 4 are removed from the steam and possibly combustion
gas mixture 21. Another option is to inject the carbon or
hydrocarbon fuel and oxidizer gas into the steam generation
reactor 3 and then combust them. Energy is released in the
form of heat to generate hot combustion gas. The FT 5 can
inject with the fuel into the combustion to control the com-
bustion temperature. The mixture of pressurized steam and
possibly combustion gas is mixed with the cold process water
from Block 1A in a direct contact heat exchanger 7. A non-
direct commercial available heat exchanger, as described in
FIG. 15, can be used as well. The cold process water 8 is
heated to generate hot process water 9 that is supplied back to
operate the Open Mine Oilsand plant 1A. The steam gener-
ated from the FT and possibly from the combustion or from
the steam, if steam was used as the energy source instead of
the combustion gas, is condensed and recovered with the hot
process water supplied back to Block Al. The pressurized
Non Condensable Gases (NCG) from the combustion process
are released at 2 or are further used or treated (not shown). If
steam 1 was used as the energy source, the amount of NCG 2
will be minimized to include only light hydrocarbons that
were part from the tailings. The enclosure 3 system pressure
can vary from 100 kpa to 50000 kpa and the temperature at the
discharge point 21 can vary from 100 C to 600 C.
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FIG. 2C1is a schematic of the present invention as described
in 2B, where the combustion gases for mixing with the
FT/MFT are generated in a separate boiler or gasifier.
BLOCK 1A includes a Prior Art commercial open mine oil-
sand plant. BLOCK 2A include a commercially available
pressurized boiler or gasifier where the difference is in the
combustion gas composition which, in the case of the gasifier,
the combustion gas (called syngas) still has caloric value.
Fuel 10 and oxidizer gas 11 is supplied into a pressurized
boiler or gasifier 12 where some of the combustion heat is
recovered to generate steam 14 from BFW 13. There are a few
commercially available designs that can be used forunit12. A
PFBC (Pressurized Fluid Bed Combustion) boiler is one
option. There are also a few commercial down flow and
up-flow fluid bed gasifiers that can be used, like the down flow
GE coal gasifier, for generating hot syngas. Heat is recovered
directly from the gasifier for generating steam 14. The pres-
surized hot syngas 1 is directed to a DCSG where it is mixed
with additional oxidizing gas 15 and it is fully combusted to
generate additional heat and mixed with FT/MFT 5 to use the
heat for transterring the water in the MFT into steam. When a
pressurized boiler is used, there is no additional requirement
for supplying oxidizer 15. The heat energy source is only the
heat of the fully combusted combustion gases from the pres-
surized boiler 12.

FIG. 2D is a schematic of the present invention as
described in 2B, for generating slightly caustic (pH7.5-9) hot
water for mixing with the oilsand ore. Most of the acid gases,
like the SOX and the NOX, can be eliminated with the use of
alkali material in the boiler (if a fluid bed boiler is used) and
in the DCSG. However, a large percent of CO2 is an integral
part of the combustion gas composition. Some of the CO2
will dissolve in the extraction process water while generating
aweak acidity. One solution is to separate the flows and use a
heat exchanger to prevent mixture of the process water with
the combustion gas, as described in FIGS. 9, 3 and 3A. 3A or
to recover the heat through heat exchanger, as described in
FIGS. 3B and 15. Another option is to add caustic chemicals,
like soda caustic, to react with the acidity. To minimize the
amount of NaOH, the hot process water pressure is reduced 9
allowing the CO2 to bubble out from the water 12. NaOH 17
is added to the hot process water to react with the carbonic
acid remains which generates the caustic pH required for the
extraction process. The slightly caustic process water is sup-
plied to the oilsand plant for extracting the tar from the sand.

FIG. 3 is one illustration of the present invention for the
generation of pre-heated water that can be used at a later time
for steam generation in an oil sand EOR facility or mining
extraction facility. The invention has full disposal water recy-
cling, so as to achieve zero liquid discharge.

Energy 1 is introduced to the Direct Contact Steam Gen-
erator reactor 3. The energy may be in the form of a high
temperature combustion gas, typically in the range of 1300
C-400 C or a high temperature dry steam, or as a mixture of
carbon or hydrocarbon fuel, like natural gas or petcoke slurry,
and an oxidizing gas, like air. The combustion inside the
reactor releases energy in the form of heat to generate hot
combustion gas. Contaminated water 5, like FT or MFT, is
injected into reactor 3. There, most of the water is converted
to steam, leaving solids with a low moisture content. There
are several possibilities for the design of reactor 3. The design
can be a horizontal rotating reactor, an up-flow reactor, or any
other type of reactor that can be used to generate a stream of
solids and gas. Reactor 3 is configured to thermally evaporate
the liquids from the fine tailings materials with combustion
heat so as to produce a dried oil sands tailings material and gas
stream. A stream of hot gas 6, possibly with carried-on solids
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generated in reactor 3, flows into a commercially available
solid-gas separator 20. Solids 4 can also be discharged
directly from the reactor 3, depending on the type of reactor
used. The separated solids 22 and 4 are disposed of in a
landfill. The solids lean flow 21, (rich with steam from flow 5)
mixes with condensing water 8 in the direct contact vertical
vessel 7. As described in FIG. 2B, the pressurized Non Con-
densable Gases (NCG) 2 released from the top of vertical
vessel 7. The steam in flow 21 condenses by direct contact
with the recycled water 8. The solid remains that previously
passed through solid separation unit 20 and were carried on
with the gas flow 21, are washed with the heated water 9. They
are recycled back to the water treatment facility that origi-
nally supplied water for the steam generation facility (not
shown). The condensing water 11 is cooled in heat exchanger
10, while transferring the heat energy to water 13. The heated
water 14 can be used as a pre-heated water for steam genera-
tion or as the hot process water for open mine oilsand facility.
The heat extracted from gas flow 21, due to water condensa-
tion in vessel 7 and from the NCG (Non Condensable Gas)
cooling (in case combustion gas was used and not only
steam), is a result of direct heat exchange with the recycled
condensed water 8. BFW (boiler Feed Water) 13 from a
commercially—available water treatment and steam genera-
tion facility (not shown), or process water from a bitumen
extraction facility, flows through heat exchanger 10 to collect
heat and generate pre-heated BFW or hot process water 12. It
is then used in the steam generation facility to generate high-
pressure steam for EOR. For example, it may be used in
SAGD or for any other function that requires steam in an
oilsand bitumen extraction facility. The temperature of the
pre-heated water depends on the pressure in vessel 7. The
pressure in the system can range from slightly above 1 bar
(usually few mm of water overpressure generated by a typical
commercial available combustor blower) up to 100 bar. The
temperature of the preheated water, as well as the overall
thermal efficiency of the system, increases as the pressure
increases. However, this advantage comes with added facility
costs. The system generates a stream of NCG 2 that can be
further treated through a process such as CO2 separation for
CO2 sequestration. The CO2 can also be injected into an
underground reservoir to recover oil or maintain the reservoir
pressure. The solids free NCG 2 can be used in the oil extrac-
tion process for slurry aeration or be released into the atmo-
sphere, possibly after going through an expander in order to
recover energy for compressing the process oxidizer gas (not
shown). If steam is used in 1, the amount of NCG will be
minimized.

FIG. 3A describes another embodiment of the present
invention.

Fuel 1 and oxidizer 2 are injected into a pressurized rotat-
ing parallel flow DCSG 5 and combusted in the combustion
section 5. Fine Tailing water 3, together with solid rich
recycled condensing water 4, are injected into the DCSG. The
DCSG includes heat transfer section 6 with internal chains to
improve the heat transfer and remove internal solids deposits.
The solids are removed from the DCSG in a solid or semi-
solid form. Additional MF 8 can be provided to the solids
before they are discharged. The MF can increase the water
content of the solids to prevent dust and to allow the reaction
of the calcium sulfite to produce calcium sulfate (gypsum).
The amount of FT 8 is such that the solids are dry enough
(after mixing with air for oxidizing) to support traffic. If lime
stone or possibly softening sludge was used to remove the
SO2 from the combustion, the solids, with some FT 8, will be
mixed 63 with air 67 to create an oxidation reaction of the
calcium sulfite. This reaction will consume water, which will
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be supplied by adding additional FT 8 or MFT and through
this, increasing the amount of FT that is permanently
removed. It will also create a stabilizing effect because of the
crystal water affinity with the gypsum (to generate a hydrate
molecule). The solids removed through line 10 from the ves-
sel to discharge point can be trucked 64 using the oilsand ore
mine’s existing equipment to then be used as back-fill in the
ore excavation. The discharged gas 9 is discharged from the
discharge section 7 and injected into scrubber and direct
contact heat exchanger 54. The hot combustion gas with the
steam from the DCSG is mixed with the recycled cool con-
densing water 65. The steam is condensed to generate a hot
water 55, typically in the range of 80 C-150 C, and any
remaining solids from the DCSG are scrubbed by the liquid
water. The NCG 51 is released from the top of the vessel. The
hot condensate recycled water 55 flows through heat
exchanger 58 where the hot condensing water 55 leaving 54
heats the cold process water 59 supplied from the oilsand
mine facility to generate the hot process water 57 used in the
extraction oilsand mine facility. The cooled condensing water
62 is separated in separator 60. Alkali material like lime stone
slurry, possibly with WLS (Warm Lime Softener) sludge 66,
is added to recycled condensed water. The solid rich con-
densed water that includes solids that were carried by flow 9
leaving the DCSG, the alkali material that reacted with the
SO2 and generated calcium sulfite, and possibly other solids
(if, for example, Dolomite was present) are separated at sepa-
rator 60. The solids rich flow 4 is recycled back to the DCSG.
The access condensate water 52 is supplied to the Oilsands
mine facility, where it can be further treated before being
added to the process water or it can be added directly to the
cold process water 59.

FIG. 3B describes another embodiment of the present
invention for the generation of pre-heated water that can be
used at a later time for steam generation in an oil sand EOR
facility or mining extraction facility. The invention embodi-
ment is similar to the embodiment presented in FIG.2A or 3
with a commercial available non-direct heat exchanger con-
denser 7 as described in FIG. 15. The advantage in this con-
figuration (compared to the direct heat exchanger of FIG. 2A
or 3) is the prevention of combustion gases and process water
mixture, and by that preventing the process water 9 acidity
problems. The disadvantages are the need in large heat trans-
fer area because the low heat transfer coefficient of gas flow
21, solids build-ups on the heat exchanger surfaces and pos-
sibly a need to treat the NCG 2 after their heat was recovered
because they are not washed by the heated process water 8.
The same configuration can be used with the use of only
steam gas flow instead of the combustion gas mixture 1.

FIG. 4 is a schematic of the present invention for the
generation of hot water for oil sand mining extraction facili-
ties, with full tailing water recycling to achieve zero liquid
discharge with no fine tailing discharge and with SO2
removal.

Energy 1 is being injected to reactor 3. The energy should
be in the form of a high temperature combustion gas, typically
in the range of 1300-400 C. Another option is to inject fuel
and an oxidizer into reactor 3 and combust them inside the
reactor. The energy is released in the form of heat, to generate
hot combustion gas. Fine Tailing water 5 (possibly with high
concentrations of solids like clay, hydrocarbons and other
contaminants) is injected into reactor 3, which can be a hori-
zontal counter flow Direct—Contact Steam Generator reac-
tor. Any other reactor design can be used as well. Inside, most
of'the water evaporates as it is converted to steam. A stream of
hot gas 6, possibly with carried-on solids and SO2 gas gen-
erated in reactor 3, flows into a commercially available solid-
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gas separator 20. Also, solids 4 can be discharged directly
from the reactor 3, depending on the type of reactor used. The
separated solids 22 and 4 are disposed of in a landfill or mixed
with the MFT to generate a stable material that can be dis-
posed of in an oilsand mine for reclamation and to support
traffic. The solid lean flow 21, rich with water converted to gas
from flow 5, is mixed with saturated water in vessel 12. To
increase the mixture the saturated water 11 can be recycled
within the vessel. Alkali chemicals like Lime stone, possibly
with slurry from HLS/WLS (Hot Lime Softener/ Warm Lime
Softener), can be added to the make-up water 14 to react with
the SO2. HLS/WLS are wildly used, for example, in the Fort
McMurray and Cold Lake area on a large scale to treat water
for steam generation in OTSG (Once Through Steam Gen-
eration) for deep formation EOR methods (Enhance Oil
Recovery) like SAGD or CSS. The saturated water generates
saturated NCG and steam 13. The solids rich water 10, includ-
ing the generated calcium sulfite and calcium sulfate with the
remains of the calcium that didn’t react with the sulfur, can be
discharged for disposal or can be recycled back to the DCSG
3, where the calcium remains will continue to react with the
SO2 and will eventually be removed in solid form 4 or from
the solid separator 22. The saturated, clean flow is injected
into vessel 7 where it is used to heat the processed water used
for ore preparation 9. The processed water is heated due to
direct contact with the gas 13. The water carried within the
gas condenses and is converted to processed water 8. The
NCG that was not soluble into the hot process water is recov-
ered as gas 2. The heated process water 9 is typically at
temperatures of 70 C-90 C. It is recycled back to the oil sand
mine, where it can be mixed with the excavated oil sand after
the breaker. The pressure in the system can range from
slightly over 1 bar up to 50 bar. This increase in pressure
augments the efficiency of the water heating and recovery
process and reduces the required facility size. The down-side
of using high pressure, however, is that higher construction
costs for the facility will need to be taken into consideration.

FIG. 5 is an illustration of the invention, shown in combi-
nation with a commercially available steam generation facil-
ity 30—a prior art steam generation facility 30 including a
water treatment unit 1 and a steam generation unit 2. Flow 3
is the water treatment plant water feed. Flow 4 is the BFW,
which is the treated water generated by the water treatment
unit 1. The water discharged from water treatment plant 10
and the water discharged from the steam generation facility 9
is injected into a Direct Contact Steam Generator facility 15,
where the discharged water is subjected to a hot pressurized
combustion gas. The pressure can vary from 1 barup to 70 bar.
Hot gases are generated from the combustion of carbon-based
fuel 14 and oxidizer gas 13. The fuel 14 can be in the form of
a gas (like natural gas), liquid (like slurry or liquid hydrocar-
bon) or solid (like pet-coke or coal). Dry solids or semi-dry
solids 16 in a non-pumpable slurry form are removed from the
produced gas flow 17. The discharged solids 16 can be dis-
posed of efficiently in a landfill. Gas flow 17 contains non-
condensable gas and steam from water 12 in the form of gas,
possibly with some solid remnants. The gas 17 is washed in
vessel 20 through direct contact with saturated water 21.
During this stage, additional steam can be generated. Make-
up water 22 is continually added. The water can include lime
and additional alkalis to remove gas contaminants, such as
S02. Solids rich contaminated saturated liquid-phase water
18 is recycled back to the direct contact steam generator 15.
There, it will be converted to mainly gas 17 and solids 16 for
disposal. A saturated, solids free steam and non-condensed
gas mixture 23 is generated. Steam 23 is mixed in pressurized
vessel 25 with the boiler feed water 19 from water treatment
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plant 1. The steam is condensed into water 24. The tempera-
ture and pressure in vessel 25 is different in comparison to
vessel 20, as the purpose of vessel 25 is to recover the satu-
rated steam flow generated in vessel 20. Water 24, is at alower
temperature due to being saturated at the partial pressure level
inside vessel 25. The heat from the non-condensable gas and
from the condensed water vapor in gas flow 23 is recovered in
direct contact with BFD 19; this is done to generate heated
boiler feed water 26. The heated BFW can be at a temperature
in the range of 50-200 C. The heated BFW is used as the water
source 11 in steam generation unit 2. Based on the pressure
inside vessel 25, the percentage of NCG will vary as will the
volume of BFW 19 that was injected into vessel 25 from the
water treatment plant. This is done in order to collect the heat
and the water. The generated heated BFW 26 is pumped from
the bottom of vessel 25 to the steam generation unit 2, and is
then pressurized and converted to steam at steam generation
facility 2. The system may include pre-treatment of the BFW
to remove dissolved gases that have negative impacts on the
steam generation facility, like traces of CO2 or SO2 (not
shown). The steam generation unit 2 used for this process
should be a common, commercially available, direct facility
unit. This may include an OTSG or steam boiler (possibly
with economizer), air pre-heater, flue gas recycler, or any
other commercially available improvement. Fuel 5 and air 6
are used in the steam generation facility 2 for steam genera-
tion, while generating flue gases 8. The steam generation
facility generates high-pressure steam 7 and some reject
water 9. The reject water is recycled back, along with the
water treatment facility reject water 10, to the direct contact
steam generation unit 15. The high-pressure steam 7 can be
used for EOR and is injected into an underground formation,
as in SAGD, or is used as the heat source in an oilsand mining
plant operation.

FIG. 6 is a schematic of the present invention that includes
commercially available steam generation facilities, with non-
direct pre-heating of the BFW. FIG. 6 is partly similar to FIG.
5. Reference characters 3,4, 5, 6, 8,9 and 11 are described in
FIG. 5. The prior art facility in FIG. 6 shows steam generation
that requires high quality BEFW, as in the case of a package
boiler. In the boiler, condensed water from the direct contact
mixture of BFW with the saturated steam and NCG (Non
Condensable Gas) flow cannot be used without complicated
treatment before using the water in the steam boiler 2. A prior
art steam generation facility 30 includes a water treatment
unit 1 and a steam generation unit 2. The discharged water
from both the water treatment plant and the steam generation
facility 10 is injected directly to a Direct Contact Steam
Generator facility 15. There, the discharged water is sub-
jected to a pressurized hot combustion gas. The hot gases are
generated from the combustion of carbon-based fuel 14 and
oxidizing gas 13. Dry solids or semi-dry solids 16 in non-
pumpable slurry form are removed from the produced gas
flow 17. The discharged solids 16 can be disposed of effi-
ciently in a landfill or in an excavation site, where they can be
covered and re-claimed back into the environment. Gas flow
17 contains hot combustion non-condensable gas and steam
from the water that was converted to steam, possibly with
some carried-on solid remnants. It is possible to only use
steam without the combustion gas as gas flow 17. The gas 17
is washed in vessel 20 through direct contact with saturated
water 21. During this stage, additional steam is generated.
Make-up water 22 is continually added. The water can
include lime stone and additional alkalis to remove gas con-
taminants like SO2. A saturated, solids free steam and non-
condensed gas mixture 18 is generated. Liquid saturated
water with scrubbed contaminates 12 is discharged from ves-
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sel 20. Heat and water from stream 18 is recovered in heat
exchanger 22 with BFW 19 from the steam generation facil-
ity. The heated BFW 23 is used in the steam generation
facility for steam generation. The liquid water and NCG gas
phase 24 is separated in liquid-gas separator 25. The recov-
ered condensed liquid water 26 is recycled back to the water
treatment facility 1 for further treatment, before it can be fed
into steam generation facility 2. The remaining Non Con-
densable Gas, with some carry-on water vapor 27, can be
released to the atmosphere, or sent for further treatment (like
CO2 sequestration). In case the steam was used as the gas 17,
the amount of NCG will be minimized. The produced steam
7 from the steam generation facility 2 can be used for many
purposes. It can be used for underground injection (as in
EOR), or to heat water, or to separate bitumen from oilsand
slurry. As well, it can be used to flash out diluent in open oil
sand mine extraction.

FIG. 7 is a schematic of the present invention for the
integration of the present invention with a commercially
available steam generation facility and with non-direct pre-
heating ofthe BFW. FIG. 7 has some similarity to FIGS. 5 and
6 with a few notable differences. Reference characters 3, 4, 5,
6, 8,9 and 11 are described in FIG. 5. The prior art facility in
FIG. 7 includes steam generation that requires high quality
BFW. A prior art steam generation facility 30 includes a water
treatment unit 1 and steam generation unit 2. The discharged
water from the water treatment plant and from the steam
generation facility 10 are injected directly into a Direct Con-
tact Steam Generator facility 15, where the discharged water
is subjected to a pressurized hot combustion gas. The hot
gases are generated from the combustion of carbon-based fuel
14 and oxidizing gas 13. Dry solids, or semi-dry solids 16, in
slurry form are removed from the produced gas flow 17. The
discharged solids 16 can be disposed of efficiently in a landfill
or at the excavation site where the solids can be covered and
re-claimed by nature. Gas flow 17 contains hot combustion,
non-condensable gas and steam from the water, possibly with
some carried-on solid remnants. The gas 17 is washed in
vessel 20 through direct contact with saturated water 21.
During this stage, additional steam is generated. Make-up
water 22 is continually added. The water can include lime and
additional alkalis to remove gas contaminants like SO2. A
saturated, solids free steam, non-condensed gas mixture 18 is
generated. The heat and water from stream 18 is recovered in
vessel 23 with direct heat exchange with recycled water 23.
The hot recycled water 27 flows through liquid-liquid heat
exchanger 25, where the recycled water 26 cooled while
transferring heat to the BFW 19 from the steam generation
facility; the heated BFW 32 is used in the steam generation
facility. The recovered condensed liquid water accumulates in
sump 29 where flow 31 is recycled back to the water treatment
facility 1, for further treatment before it can be fed into the
steam generation facility 2 and heated in heat exchanger 25.
The remaining Non Condensable Gas, with some carry-on
water vapor 24, can be released to the atmosphere. Oritcan be
sent to undergo further treatment, like CO2 sequestration.
The produced steam 7, from the steam generation facility 2,
can be used for underground injection as in EOR, to heat
water and separate bitumen from oilsand slurry.

FIG. 8 is a schematic of an integrated facility of the present
invention with a commercially available steam generation
facility and EOR forheavy oil production. The steam for EOR
is generated using a lime softener based water treatment plant
and OTSG (Once Through Steam Generator) steam genera-
tion facility as described in BLOCK 1. This type of configu-
ration is currently most common in EOR done in Alberta. It is
producing oil from deep oil sand formations using SAGD or
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CSS. Produced emulsion of water and bitumen 3, is broken
down inside a separator facility 2 to oil 4 and water 5. There
are many methods of separating the bitumen from the water—
the most common one uses gravity. Light hydrocarbons can
be added to the product 3 to improve the separation process.
The water, with some oil remnants, flows to a produced water
de-oiling facility 6. In this facility, chemicals, like de-oiling
polymers 7 are added. Waste water, with oil and solids 9, is
rejected from the de-oiling facility 6. In a traditional system,
the waste water would be recycled or disposed of in deep
injection wells. The de-oiled water 10 is injected into warm
lime softener 12, where lime, magnesium oxide and other
softening chemicals are added 8. The softener generates
sludge 13. In a standard facility, the sludge is disposed of'in a
landfill. The sludge is semi-wet and hard to stabilize. The
softened water 14 flows to a filter 15, where filter waste is
generated 16. The filtered water 17 is sent to an ion-exchange
package 19, where regeneration chemicals 18 are continually
used and rejected with carry-on water as waste 20. In a stan-
dard system, the treated water 21 flows to an OTSG 23 where
approximately 80% quality steam is generated 27. The OTSG
typically uses natural gas 25 and air 26 to generate steam. The
flue gas is released to the atmosphere through stack 24. Its
saturated steam pressure is around 100 bar and the tempera-
ture is slightly greater than 300 C. The steam is separated in
separator 28, to generate 100% steam 29 for EOR and blow-
down water 30. The blow down water can be used as a heat
source and also to generate low pressure steam. The steam 29
is delivered to pads, where it is processed and injected into the
ground through injection well 53. The production well 54
produces an emulsion of water and bitumen 3. In some EOR
facilities, injection and production occur in the same well,
where the steam is 80% quality steam 27. The injection well
53 and the production well are located on a well pad 50. The
steam is then injected into the well with the water. This is
typical of the CSS pads. The reject streams includes the blow
down water from OTSG 30, as well as the oily waste water,
solids and polymer remnants from the produced water de-
oiling unit. This also includes sludge 13 from the lime soft-
ener, filtrate waste 16 from the filters, and regeneration waste
20 from the Ion-Exchange system 19. The reject streams are
collected 33 and injected into Direct Contact Steam Genera-
tion 34. Additional water 32, from any available water source,
can be added. The energy source can be a gas, liquid, solid,
carbon or hydrocarbon—based fuel 36 and oxidizing gas
(like air) 35. The DCSG can be vertical, stationary, horizontal
or rotating, as seen in scheme 34. Dry or semi-dry solids 37
are discharged from the DCSG, after most of the liquid water
is converted to steam. The combustion gas and steam 38
temperature can vary between 120 C to 300 C. The pressure
can vary between 1 bar and 50 bar. The solid lean gas is
injected into vessel 41, where the gas is washed with saturated
water 42 to remove the solids remnants and generate addi-
tional steam. The water can include lime for removal of sulfur
gas. Make-up water 47 can be added to the vessel 47. Solid
rich water 39, possibly with gypsum (generated from the
reaction between the sulfur and the lime), is continually
removed from the bottom of vessel 41. It is recycled back to
the DCSG, where the solids are removed in a dry or semi-dry
form 37. The liquid water is converted back to steam 38. The
solids—free saturated steam and combustion gases 43 flow to
a second vessel 45. In this vessel, the steam condenses to
liquid water 44. Then, it is cooled due to direct contact heat
exchange with the BFW (Boiler Feed Water). Water 21 is
generated by the water treatment facility 1 is heated while
condensing additional steam to heated liquid water. The
heated water, 22 can be sent back as pre-heated BFW to the
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OTSG, to generate 80% quality steam, or it can be recycled
back to water treatment facility 40, where it is added to
de-oiled produced water 10. The NCG 46 can be supplied to
the well pad 50 where it can be injected underground.

FIG. 9 is a schematic of an integrated facility with a com-
mercially available steam generation facility 1, for open min-
ing oilsand facility 60. The steam for the bitumen extraction
is generated with commercially available boilers 17 that
include steam and mud drums. The water for steam genera-
tion is produced using a standard, commercially available
water treatment facility that is based on ion exchange and
polishers. Raw water 3 flows to the de-mineralized water
clarifier and filter 2. The filtered water 6 flows to a cation
reactor and de-gasifier 7 where contaminate gases 8 are
removed in a gas form 8 and contaminated water removed in
a liquid form 9. The water 10 then flows to anion reactor 11.
From the anion reactor, the water 13 flows to a mixed bed
polisher 14 to generate de-mineralized BFW quality water 16.
Chemicals are continually supplied during the process, to
remove minerals and other contaminates. In the process,
reject and backwash water is continually generated 5, 9, 12,
15. The reject water contains minerals and water treatment
chemicals. The reject water is collected and injected into the
vertical up-flow, cold fluid bed, direct contact steam generator
30. Fuel 27 and oxidizer 28 are injected to the bottom of
fluidized bed steam generator 30. The contaminated water 26
is sprayed into the steam generator 30, above the combustion
zone. The sprayed water is composed of: water treatment
facility 1 reject water, boiler blow-down water 22, and reject
water 47 from oilsand mine extraction facility 60. Any addi-
tional contaminated water 25 from external sources can be
used as well. The reject water includes tailing water and
possibly hydrocarbon contaminants. The liquid water is con-
verted to steam and carries most of the solids upwards, where
they are discharged at the top of the vessel as a solid—rich
stream of gas 31 and from the bottom of the steam generation
vessel 29. Some of the cooler discharged gas 32, at a tem-
perature range of 150 C-400 C, can be recycled back to the
bottom of the vertical steam generator 30 to maintain the cold
fluid bed below the combustion zone. This reduces the tem-
perature and increases the up-flow stream in vessel 30. Solids
36 are removed from the bottom of the vessel 29 in dry form
and from the solid-rich gas flow 33 by commercially available
solids-gas separation unit 34. The solid lean gas flow 35 is
washed in tower 38 with saturated water 41 to remove any
solid remnants. Sulfur gas can be removed as well with the
use of lime. After most of the solids have been removed, the
solid rich water 37 is recycled back from the sump 39 to steam
generator 30. Make-up water, possibly with alkali material
like lime stone, is added to vessel 38 to maintain saturated
liquid water level. The saturated stream of steam and NCG 40
flows to vessel 42, where heat is recovered using direct-
contact cold water circulation 43. The recovered heat goes in
through liquid heat exchanger 44. The heat increases the
temperature of the treated BFW (Boiler Feed Water) in steam
generation facility 1. The heated BFW temperature can be in
the range of 70 C-200 C, depending on the partial steam
pressure of vessel 42. The heated BFW 23 is fed to the boiler
steam generator 17 to generate high pressure steam 21 for the
oil sand mine and bitumen extraction facility 60. The boiler
combusts carbon or hydrocarbon full 19 with oxygen con-
taining gas like air 20. Combustion gas 18 released to the
atmosphere or for further treatment. The condensate 45 can
also be used directly as process water in facility 60 or pumped
as feed water 4 to the water treatment plant and steam gen-
eration facility 1. The cold non-condensate gas 46, mainly
combustion gas like CO2, is released to the atmosphere or



US 9,315,734 B2

23

used in the open mine oilsands extraction facility 60 where it
can be mixed with other tailing stream as described in other
figures.

FIG.9A is a combined fluidized bed combustion boiler and
adirect contact steam generator with an in-direct internal heat
exchanger for generation of high-pressure steam as described
in BLOCK 50. Fuel 2 is mixed with air 55 and injected into a
Pressurized Fluidized-Bed Boiler 51. The fuel 2 can be any
available low quality carbon or hydro carbon fuel in a pum-
pable form. This carbon or hydrocarbon fuel can include coal,
petcoke, asphaltin or any other available fuel. Lime stone can
be added to the fuel 2 or to the tailing water 52 to remove acid
gases like SOX. The Fluidized-Bed boiler is modified with
water injection 52 and with reduced capacity internal heat
exchangers to recover less combustion heat. The reduction in
the required capacity of the heat exchanger is because more
combustion energy will be consumed due to the direct heat
exchange with possible water within the fuel (if water slurry
fuel was used) and the additional injected solid rich water 52
leaving less available heat to generate high pressure steam
through the boiler heat exchangers 56. The boiler produces
high-pressure steam 59 from distilled, de-mineralized feed
water 3. There are several pressurized boiler designs that can
be modified with direct water injections. Examples for pres-
surized boilers are the Pressurized Internally Circulating Flu-
idized-bed Boiler (PICFB) developed by Ebara, and the Pres-
surized-Fluid-Bed-Combustion-Boiler (PFBC) developed by
Babcock-Hitachi. Any other pressurized combustion boiler
that can combust petcoke or coal and simply modified with
tailing injection (separate from the fuel) can be used as well.
The importance in separating the low quality (like tailing)
water injection into two flows is to combine the “boiler”
section at the bottom, that is capable in efficiently combusting
the low grade fuel at relatively high temperatures (typically
more than 700 C), with the DCSG above the combustion zone
that mixes additional low quality (like MFT) with the com-
bustion gases to generate steam and solids. The allowable
temperature in the DCSG section can be lower than the com-
bustion temperature, allowing for recovery of more combus-
tion energy for direct contact steam generation. Another
modification to a typical pressurized fluid bed boiler can be
reducing the boiler combustion pressure, down to possibly
102 kpa (depends on the design process water temperature, as
showed in Example 6). A lower working pressure will reduce
the plant TIC (Total Installed Cost) and the pumps and com-
pressors energy consumption. The use of the relatively low
pressure system will have an impact on the process perfor-
mance that has to be evaluated in detail to choose the optimal
combustion and DCSG pressure. Steam is generated in heat
exchanger inside the boiler. The generated steam 57 is sepa-
rated in steam drum 58. The generated steam is used in the oil
processing area for flashing solvents and any excess steam
can be used for standard heating purposes. The combustion
air 74 is compressed air 55, injected at the bottom of the boiler
to maintain the fluidized bed 54. High pressure 100% quality
steam 59 is generated from distilled water 3 through heat
exchange inside the boiler 56. Low quality water, like fine
tailing water that contains organics, is sprayed at the upper
section of the boiler 53 and mixed with the up-flowing com-
bustion gases generated by the boiler. The liquids evaporate
while steam and dry solids are generated. Most of the solids
generate small solid particles which are carried with the up-
flowing gas, and large solid particles which fall to the fluid-
ized bed by gravitation. Dry solids 17 can also be discharged
in intervals from the bottom of the pressurized boiler. The
solids-rich combustion gases discharged from the boiler 61
flow to a dry solids separator 60. The dry solid separator is a
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commercially available package. The dry solids are removed
in dry form from the separator 63, possibly through heat
recovery 64 and de-compression 65 and 66 valve sections.
The heat energy and steam in solids lean flow 6 are recovered
to heat the process water as described in the other figures.

FIG. 10 is a schematic of the integrated facility of the
present invention for open mine oilsand extraction plant 60,
using commercially available steam generation facilities, and
a gasifier for syngas generation. The steam for bitumen
extraction can be generated using a commercially available
boiler 12, an OTSG 20, or a gasifier 54. The steam boiler 12
and the gasifier 54 generate steam from BFW water 9. The
steam is used for heating purposes, through heat exchangers
inaclosed cycle. This minimizes the size of the heat treatment
facility 1 required for generating high quality BFW, as it will
have to produce only start-up and make-up water. The water
treatment plant 1 for the generation of BFW is a commercially
available package. The water 2, for production of BFW in the
water treatment package is fresh water (not processed water
from bitumen extraction 60). For example, river water with-
out oil traces can be used. The BFW 16 is fed to the steam
boiler 12 facility. Some of the BFW 11 is fed to the gasifier
unit 54. The produced steam 15 from the steam boiler 12 and
from the gasifier 55 is fed to oil extraction plant 60 to heat the
processed water. The condensed water 17 is recycled back
from oilsand plant 60, as a BEW to be re-used in the boiler 12
and the gasifier 54. The oilsand extraction facility requires
processed steam as well. The processed steam is used in direct
contact with the process flow; for example, it is used for froth
de-aeration or for flashing out light carbons and diluent.

The steam generated through OTSG can use a much lower
quality water than boiler 12 and gasifier 54. The generated
80% steam 29 is separated in separator 30 to generate 100%
steam 31 and blow-down water 18 that is recovered from the
sump 32 at the bottom of steam separator 30. The 100% steam
and the blow-down water 18 are both used in the oilsand open
mine facility 60. The blow-down water 18 is mixed with
process water from facility 60, with the pressure dropping, to
generate processed hot water at 80-90 C for tar separation.
Some processed water 19 from facility 60 can be sent to water
treatment plant 24. The use of fresh water, 27 instead of the
processed water 19, is preferable so as to reduce the water
treatment plant 24 requirements as it eliminates the oil
removal stage. The water treatment plant is tailor-made to the
quality of the source water. If fresh river water is used, the
plant, 24 would be very simple, as the OTSG can use this type
of water with minimum treatment (l.e. treatments like filter-
ing, oxygen removal and adding anti-scaling additives). If the
water used by the water treatment plant is processed water,
then the water treatment system 24 will be similar to a typical
water treatment plant used in EOR facilities, like SAGD, as
described in FIG. 8. The liquid (or slurry) waste discharge 53
from the water plant 24 can be added to the fine tailing stream
43.

The gasifier 54 can be any type that is commercially—
available. The use of a gasifier with a water quenching bath is
preferable. That is because the integration of gasifier 54 with
DCSG (Direct Contact Steam Generation) 46 eliminates the
problem of treating the “black™ and “grey” water 45. This, in
turn, is because the gasifier quenching water 45 is converted
to steam and the solids are discharged in a dry form and are
ready for the landfill. Water-quenching gasifiers have been
developed by Texaco from the 1950’s. Currently, they are
available from GE. The gasifier 54 uses oxygen enriched gas
56 and carbon fuel 57. The carbon fuel can be petcoke or coal
slurry. In the gasifier, the exothermic reaction heat generates
high pressure steam 55 from BFW 11. The gasifier can
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replace the industrial boiler 12 as the high quality steam
producer where all the treated BFW 9 will be consumed 11 by
the gasifier and the steam 55 will replace the High quality
steam 15. The boiler 12 burns natural gas 13 with air 14 as
oxidizer. The produced synthetic gas 34 can replaced the
natural gas or portion of the natural gas as the boiler fuel 13.
The boiler uses portion 10 of the treated BEFW clean water 9.
The pressurized hot discharged syngas 47 flows to DCSG 46,
where it is mixed with solid rich water to generate a stream of
gas 44 with dry solid discharge 48. The water injected to the
DCSG 46 may be the solid rich quenching water from gasifier
54, the concentrated fine tailing water 43 from the oilsand
bitumen extraction facility 60, or the recycled saturated water
42. The liquid waste discharge 53 from the water treatment
plant 24, possibly with contaminated water from other
sources, can be added to the fine tailing stream 43 as well. The
solids 52 are discharged from the DCSG through pressure
chambers 50 and 51, in order to reduce the pressure to atmo-
spheric.

Heat exchanger 49 can be used to recover heat from the
discharged solids. The solid lean gas flow 44 is treated in
vessel 40, where the solid remnants are scrubbed from the gas
flow. The liquid water in vessel 40 is saturated so that addi-
tional steam is continually generated. Make-up water 41 is
added to vessel 40 to generate a saturated stream of solid-free
syngas and steam 39. The make-up water can include the HLS
(Hot Lime Softening) sludge from the OTSG water treatment
24. The heat and water is fully recovered from the saturated
stream 39 in vessel 37. This is done through direct contact
between the treated water 25 and the up-flow saturated gas 39
in vessel 37. The steam is converted to water and washed from
the syngas, generating cooler and dryer syngas 36 and hot
water 28. The water 28 pumped from the liquid sump 38
located at the bottom of vessel 37. The sump liquid water 38
can be internally circulated as shown in vessel 40. The liquid
water 28 can be used in the OTSG 20 to generate 80% steam.
To avoid direct use of the water that recovers the heat from the
syngas in the OTSG, a heat exchanger can be added (not
shown). The syngas is treated using various commercially-
available methods in facility 35. Sulfur, mainly H2S, can be
removed from the syngas. Hydrogen can be generated, for use
in sweetening the produced oil. The sweet syngas 34, com-
posed mainly of CO, may be used to replace natural gas as the
fuel source in the OTSG 20 and steam boiler 12 or in the
OTSG 20 as the fuel 22, possibly with make-up natural gas
and combust with oxidizer 23 like air to generate steam. [t can
also be used to generate electricity and steam in a co-genera-
tion facility (not shown).

FIG. 11 is a schematic of the invention with an open mine
oilsand extraction facility, where the hot process water for the
ore preparation is generated by recovering the heat and con-
densing the steam generated from the fine tailings and the
combustion gases without the use of a tailing pond. A typical
mine and extraction facility is briefly described in block dia-
gram 1. Mined Oil sand feed is transferred in trucks to an ore
preparation facility, where it is crushed in a semi-mobile
crusher 3. After crushing 4 it is also mixed with hot extraction
liquid 57 in a rotary breaker 5. In the breaker the oilsands ore
is contacted with the extraction liquid to form slurry compris-
ing solids and a bitumen extract. Oversized particles are
rejected and removed to landfill. The ore mix goes through
slurry conditioning, where it is pumped through a special
pipeline 7. Chemicals and air are added to the ore slurry 8. In
the invention, the NCGs (Non Condensed Gas) 58 that are
released under pressure from tower 56 can replace the
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injected air at 8 to generate aerated slurry flow, or its com-
pression energy can be recovered (by an expander) to com-
press air that can be used at 8.

The conditioned aerated slurry flow is fed into the bitumen
extraction facility, where it is injected into a Primary Separa-
tion Cell 9. To improve the separation, the slurry is recycled
through floatation cells 10. Oversized particles 11 are
removed through a screen 12 in the bottom of the separation
cell. From the flotation cells, the coarse and fine tailings are
separated in separator 13. The fine tailings flow to thickener
18. To improve the separation in the thickener, flocculant is
added 17. Recycled water 16 is recovered from the thickener
and fine tailings are removed from the bottom of thickener 18
(also called thickener underflow). Any commercially avail-
able thickener can be used like a high rate thickener and a
paste thickener. The froth is removed from the Primary Sepa-
ration Cell 9 to vessel 21. In this vessel, steam 14 is injected
to remove air and gas 35 from the froth. The recovered froth
is maintained in a Froth Storage Tank 23. The steam is gen-
erated in block diagram 2. It can be produced in a standard
high pressure steam boiler 40, in OTSG, or by a COGEN,
using the elevated temperature in a gas turbine tail (not
shown). The boiler consumes fuel gas 38, air 39 and treated
BFW 37. It produces blow-down water 36 that can be added
to the process water or disposed in the tailing pond. The
coarse tailings 15 and the fine tailings 19 are removed and sent
to tailing processing area 60. The fine and coarse tailings can
be combined or removed and sent separately (not shown) to
the tailing process area 60. In unit 60, the sand and other large
solid particles are removed and then put back into the mine, or
stored in stock-piles.

Liquid flow is separated into 3 different flows, mostly
differing in their solids concentration. A relatively solids-free
flow 62 is heated. This flow is used as heated process water 57
in the ore preparation facility, for generation of the oilsand
slurry 6. The fine tailings stream can be separated into two sub
streams. The most concentrated fine tailings 51 are mixed
with dry solids, generated by the DCSG, to generate a solid
and stable substrate material that can be put back into the
mine and used to support traffic. The medium concentrated
fine tailing stream 61 flows to DCSG facility 50. Fuel 46 and
oxidizing gas 47 are used in the facility to generate a hot
combustion gas. The combustion can be a full or partial
combustion (like in a gasifier). Some of the combustion
energy in facility 50 can be used to generate “standard” steam
in a heat exchanger (like in a boiler or gasifier with a radiation
heat exchange section). The discharged combustion gas
energy is used to convert the fine tailing 61 water into a dry or
semi dry solid and gas stream. The fine tailings 61 maintain
the heat of the tailing streams 19 and 15 produced in the
extraction plant 1. The tailings supplied to the DCSG facility
50 can be pre-heated. The combustion heat can also beused to
generate steam to convert the fine tailing water 61 into a dry
or semi dry sold and gas stream.

The temperature of the discharged solid-rich gas can vary
from 150 C to 400 C. The solids are separated from the gas
stream in any commercially available facility 45 which can
include: cyclone separators, centrifugal separators, mesh
separators, electrostatic separators or other combination tech-
nologies. The solids lean gas 52 flows into tower 56. The gas
flows up into the tower, possibly through a set of trays, while
the solid carried-on remnants are scrubbed from the up flow-
ing gas through direct contact with liquid water. The water
vapor that was generated from heating the fine tailing in the
DCSG is condensed and is added to the down-flowing extrac-
tion water process 57. The presence of small amounts of
remaining solids in the hot extraction fluid can be acceptable.
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That is because the hot extraction fluid is mixed with the
crushed oilsand 3 in the breaker during ore preparation. The
extraction liquid can include water, solvent, water with dis-
solved salts, water with water-soluble adhesives, water with
emulsion type adhesives, water with water-soluble adhesives
and emulsion type adhesives, and paraffinic solvent. The tem-
perature of the discharged hot water 57 is between 70 C and
95 C, typically in the 80 C-90 C range. The hot water is
supplied to the ore preparation facility. The separated dry
solids from the DCSG are mixed with the concentrated slurry
flow from the tailing water separation facility 60. They are
used to generate a stable solid waste that can be returned to the
oilsand mine.

Any commercially available mixing method can be used in
the process: a rotating mixer, a Z type mixer, a screw mixer, an
extruder or any other commercially available mixer. Some
mixers are capable of generating agglomerate stable tailings.
The slurry 51 can be pumped to the mixing location, while the
dry solids can be transported pneumatically to the mixing
location After mixture a stable dust free solid material 54 that
can support traffic is generated. The NCG (Non Condensed
Gases) 58 that were not condensed by the process water, are
discharged from the top of the tower 56. It replaces the air and
can be injected into the slurry at 8 for aeration. It can also be
expanded on a turbo expander to recover excess energy. Fur-
thermore, it can be treated to remove gas fractions (for
example, recover CO2 for EOR or sequestration). Otherwise
it can just be released to the atmosphere.

The described arrangement, where the fine tailings are
separated into two streams 61 and 51, is intended to maximize
the potential of the process to recover MFT. It is meant to
maximize the conversion of fine tailings into solid waste for
each unit weight of the supplied fuel source. The system can
work in the manner described for tailing pond water recovery.
The tailing pond water is condensed into hot water generation
57, without the combination of the dry solids 53 and tailing
slurry 51. The generated dry solids 53 are a “water starving”
dry material (also called de-hydrated material). As such, they
are effective in the process of drying MFT (Mature Fine
Tailing), to generate trafficable solid material without relying
on weather conditions to dry excess water. The water affinity
of the dry solid composite released from the DCSG 50 is
dependent on its composition and particle size. The most
effective water affinity material is a solid that, with the pres-
ence of water, creates crystals with water molecules (also
called hydration). Gypsum (that contains calcium sulfite and
calcium sulfate) belongs to this group of materials. If a highly
sulfurous material fuel is used in the DCSG (like petcoke),
lime can be added to remove the SO2 and generate gypsum.
The gypsum will lose its crystal water when it is subjected to
the high temperatures inside the DCSG, as its water will be
converted to steam.

Some tailing water might naturally contain additional min-
erals (in additional to the generated gypsum) that belong to
this group of materials. Such minerals can include calcium
silicate, calcium aluminate and kaolin. When subjected to
heat, the kaolin will naturally release its crystal water in the
form of steam and transferred into metakaoline. This hydra-
tion water affinity will improve the ability of the dry dis-
charged solids to solidify MFT slurry to a stage where it can
carry traffic. FIG. 11A describes a system and method for
water based extraction process generating hot process water
through a direct contact heat transfer with boiler combustion
gas. The use of a DCSG is required if FT removal in solid
form is advantageous. If there is no requirement to remove the
FT/MFT (like in the case where other reclamation methods to
resolve the MFT problem will prove to be effective, cost-
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effective and accepted by the regulators), then a simplified
method and system, without the use of DCSG, as described in
FIG. 11A, can be used with a few significant advantages.

The main advantage of such a facility, compared to prior art
methods for production of hot water for oilsand bitumen
extraction are: The overall thermal efficiency in the system
described in FIG. 11A is higher in comparison to the prior art
used in the oilsand mine facilities (that includes boiler sys-
tems generating steam to heat the process water). The high
efficiency will result in a reduction in the amount of CO2
generated. Another advantage is the use of a solid low grade
fuel like petcoke and coal, instead of clean, valuable natural
gas. Another advantage is the simplification of the scrubbing
system. This is an advantage as compared to boiler systems
that operate on a sulfur rich solid fuel like petcoke and coal for
generating steam with in-direct heat exchangers, as used in
power plants, for example. The discharged combustion gas
should be treated to remove SO2 remains and solid particles
(fling ash) before releasing it to the atmosphere. In power
plants, this is done using lime stone, possibly with the fuel or
after the combustion as a means to scrub the SO2, and with
bag filters and electric static precipitators after the cyclone
separators in order to remove the dust to bring it to acceptable
levels.

Inthe present facility, there will be no need to use extensive
scrubbers and filters beyond maybe a basic cyclone separator,
as the process water used for the oilsand extraction will wash
the combustion from the traces of SO2 gas and the small solid
particles. The small amount of solids, like fly ash, will not
have any significant negative impact on the process water.
The pH might be affected by small traces of acid gas and can
be adjusted as part of the extraction process with additional
alkaline material. Because the process waters are much less
sensitive to contamination than the environment (as they are
mixed with dirty oilsand ore) the scrubbing system will be
minimal, if it exists at all, with an associated low cost com-
pared to a scrubbing system for releasing combustion gases to
the environment.

The process includes crushing fuel 60, like petcoke,
together with lime stone 61 and water 62 to generate a pum-
pable slurry 59 (Some limited amount of tailing water, like
MEFT, can be consumed as the water 62 for generating the
boiler fuel slurry; mixing the fuel slurry together with com-
pressed air 57 that is generated by compressing atmospheric
air 64; combusting the mixture under pressure to generate
pressurized combustion gas 1 and heat (the combustion can
be performed in a fluidized bed where the compressed air 57
is supplied from the bottom as described in FIG. 11A); addi-
tional solid fuel 54 can be added to the combustion chamber
55 through compression/decompression fuel feeding system
53; recovering at least a portion of the combustion heat
through a heat exchanger inside the boiler 55 to generate
steam 51, the high pressure steam is recovered from steam
drum/steam separator 52. The boiler can be a forced circula-
tion design with a recycle water pump 58 or natural circula-
tion without pump 58. Boiler feed water is added to the water
feed to the boiler heat exchanger to replace the generated
steam S1.

The generated steam 51 is used in AREA 1 or for any other
use; directing a stream of a cool process water 30, possibly
from the upper layer of a tailing pond 47 or from any other
available water source 16, and mixing the process water with
the pressurized combustion gas 1 to recover the combustion
gas heat while heating the process water 33; directing the hot
process water 33 to the oilsand extraction facility (AREA 1)
and mixing it with oilsand ore 3 to generate slurry 6; and
separating the water and solids (16 and 19) from the bitumen
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23. The solids generated by the pressurized boiler resulting
from the supplied fuel and the lime stone (or dolomite) sup-
plied to the combustor, can be removed and mixed with MFT
to accelerate its stabilization (as shown in FIG. 13). If
required, an additional solid separation unit can be added to
separate solids from the pressurized combustion gas 1 (not
shown). The combustion gas 1 can be replaced by steam. The
facility in AREA 2 can be any commercially available Pres-
surized Boiler that generates high pressure steam and pres-
surized combustion gases. Examples for pressurized boilers
are the Pressurized Internally Circulating Fluidized-bed
Boiler (PICFB) developed by Ebara, and the Pressurized-
Fluid-Bed-Combustion-Boiler (PFBC) developed by Bab-
cock-Hitachi. Any other pressurized combustion boiler that
can combust petcoke or coal can be used as well. The oilsand
mine and extraction facility in AREA 1 including its charac-
ters is a prior art facility described in FIG. 11.

AREA 3 includes atailing pond (see FIG. 12). As described
in FIG. 13, some relatively small amounts of MFT (in com-
parison to the MFT amounts that are consumed by the DCSG,
as described in the other examples) can be dried and stabilized
with the use of the combustion solids removed from the boiler
and from the combustion gases (not shown). The cold process
water is heated by direct contact with up-flow combustion gas
in a pressurized vertical vessel 31, which can include internal
trays. These types of vessels are widely commercially avail-
able. The pressurized cold and clean pressurized combustion
gas 32 (after it was scrubbed by the process water) can be
released to the atmosphere, or used in the extraction process,
or for generating energy through a turbo expander, or to
recover the CO2 with a commercially available membrane
gas separation facility (not shown).

FIG. 12 is a schematic of the invention with an open mine
oilsand extraction facility, where the hot process water for the
ore preparation is generated from condensing the steam pro-
duced from the fine tailings. As in FIG. 11, a typical mine and
extraction facility is briefly described in block diagram 1
including its characters as previously described in FIGS. 11.
The tailing water 27 from the oilsand mine facility 1 is dis-
posed of in a tailing pond. The tailing ponds are built in such
a way that the sand tailings are used to build the containment
areas for the fine tailings. The tailing sources come from
Extraction Process. They include the cyclone underflow tail-
ings 13, mainly coarse tailings and the fine tailings from the
thickener 18, where flocculants are added to enhance the solid
settling and recycling of warm water.

Another source of fine tailings is the Froth Treatment Tail-
ings, where the tailings are discarded using the solvent recov-
ery process-characterized by high fines content, relatively
high asphaltene content, and residual solvent. The liquid tail-
ings from the solvent recovery process can include water,
hydrocarbons, dissolved solids, suspended solids, water-
soluble adhesives and/or emulsion type adhesives, paraffinic
solvent or a mixture thereof. The actual composition of the
tailing is a function of the extraction process used, the sol-
vents used and the oilsands ore composition. A sand dyke 55
contains a tailing pond. The sand separates from the tailings
and generates a sand beach 56. Fine tailings 57 are put above
the sand beach at the middle-low section of the tailing pond.
Some fine tailings are trapped in the sand beach 56. On top of
the fine tailing is the recycled water layer 58. The tailing
concentration increases with depth. Close to the bottom of the
tailing layer are the MFT (Mature Fine Tailings). The
recycled water 41 is pumped from a location close to the
surface of the tailing pond (typically from a floating barge).
Clean process water from the extraction facility in area 1, like
the solids lean water 16 from thickener 18 can be added to
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recycled water 43. The fine tailings that are used for generat-
ing steam and solid waste in my invention are the MFT. They
are pumped from the deep areas of the fine tailings 43. Fuel 48
and oxidizing gas 49 are injected into a DCSG. MFT 43 is
pumped from the lower section of the tailing pond and is then
directed to the DCSG 50. The MFT 43 can be pre-heated prior
to its injection to the DCSG 50.

The DCSG described in FIG. 12 is a horizontal, counter
flow rotating DCSG configured to thermally evaporate liquid
tailings. However, any available DCSG that can generate gas
and solids from the MFT can be used as well. The following
commercially available apparatuses can be configured to
thermally evaporate the liquids: a fluid bed dryer, a rotary
dryer, a flash dryer, a dispersion dryer, a ring dryer and a jet
dryer. Due to the heat and pressure inside the DCSG, the MFT
turns into gas and solids as the water is converted to steam 47.
As described in other figures, the heat and water in the pro-
duced steam flow 47 recovered in vessel 45 where the heated
recycled and condensate water 46 is used as the hot extraction
water 52 in extraction facility 1. The Non Condense Gas 44 is
discharged for other usages or released to the atmosphere.
The solids are recovered in a dry form or in a semi-dry,
semi-solid slurry form 51. Due to the rotating of dryer 50, it
operates as a tumbler generating agglomerated solids 51. The
semi-dry slurry form is stable enough to be sent back into the
oilsand mine without the need for further drying to support
traffic.

The produced steam 14, needed for extraction and froth
treatment, is generated by a standard steam generation facility
36 from BFW 37, fuel gas 38 and air 39. The blow-down
water 20 can be recycled into the process water 20. By con-
tinually consuming the fine tailing water 43, the oil sand mine
facility can use a much smaller tailing pond as a means of
separating the recycled water from the fine tailings. This
smaller recyclable tailing pond is cost effective, and it is the
simplest way to do so as it does not involve any moving parts
(in contrast to the centrifuge or to thickening facilities). This
solution will allow for the creation of a sustainable, fully
recyclable water solution for the open mine oilsand facilities.

FIG. 12A shows the integration of a parallel flow DCSG
with a direct contact process water heater and with solid
discharge force oxidation. Fuel 76, like petcoke, that includes
high levels of sulfur, is injected with oxidizing air 75 into a
parallel flow DCSG. Low quality water that can include large
percentage of organics 77 is injected into the DCSG. MFT 43
from deep 57 in the tailing pond is also injected to the DCSG.
The DCSG includes Direct Contact heat transfer section, with
chains that improve the heat transfer and break solid deposits
inside the reactor. The DCSG pressure is in the range of 100
kpa-5,000 kpa. The solids are discharged by a screw as a
semi-solid, concentrated material. Lime Stone is added to the
DCSG water feed (77 and 43) to react with the generated SO2.
The generated Calcium Sulfite will be forced to oxidize with
air 78 and water to generate gypsum at mixer 710. Possible
mixers types that can be used were mentioned in FIG. 11.
Screw conveyor 710 with air supply 78 can be used as well. If
required, more water can be added in the form of MFT 43. The
hot discharged solids 718 leaving the DCSG are mixed with
air 78 and possibly additional MFT 79. Due to the solids heat
additional water can be removed in the form of vapor. The
discharged solids will be stable enough to support traffic. The
combustion gas and steam 717 will be mixed in direct contact
heat exchange 45 with the process water 41 which can be
supplied from the tailing pond 58 or from the operating oil-
sand facility 50 that creates the tailings 27 and include the
course tailings 56 that can be used as the tailing pond dyke 55.
The hot process water 46, that includes the condensed water
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from the MFT is separated from the NCG 44 and supplied 52
to the oilsand plant for mixing with the oilsand ore.

FIG. 13 is a schematic of gasifier unit and an open mine
oilsand extraction facility, where the hot process water is
heated in direct contact with the syngas. In this figure, the
MFT 33 is not converted into steam and solids, but is mixed
with the dry solids generated by the system 15. Gasifier 5,
with a water quenching bath at its bottom, generates HP (High
Pressure) steam 3 from BFW 4 that is supplied from water
treatment plant (not shown). The gasifier generates syngas
from partial combustion of low grade fuel, like petcoke or
coal 1 with oxidizing gas 2. The hot syngas is mixed with
water in an up-flow direct contact steam generator 10 Make-
up water 35 is added to the gasifier sump. Solids contami-
nated water 8 removed from the bottom of the gasifier sump.
The hot combustion gas 7 flows to the DCSG 10 where
contaminated water 9 are sprayed 11 to the up flow hot gas 7.
The dry solid particles are removed from the gas flow 12 with
acyclone 13 separator and after first separation 14 to electro-
static 16 separator or with any commercial separation pack-
age 16. The solid lean syngas stream 18 flows to vessel 23,
where it is mixed in direct contact with cold extraction water
27 to heat the water to 80 C-90 C. It is also possible to use the
configurations described in FIGS. 3, 3A and 3B to heat the
extraction water 27. The hot process water 24 is used in the
ore preparation facility 40 to produce slurry 41. The slurry 41
is used in the oilsand separation and processing facility 42 to
produce the bitumen product and tailings flow 43. The
scrubbed cold syngas 26 is recovered for other usages. The
dry solids 15 and 17, generated by gasifier 5, are mixed in
mixture 20 with MFT 33 which is pumped from the tailing
pond 46 to generate a stable material 22 that can be used to
support traffic. It is also possible to combine dry tailings with
water wet tailings produced from an extraction process to
form strengthened tailings, suitable for disposable without
dust. In the process, water from the MFT is not recovered, or
used to generate steam or hot process water. This arrangement
is less effective in recovering MFT, but easier to implement.
It can only be implemented if removal and reclamation of
MEFT will be done using other methods, and not with DCSG.

FIG. 14 is a schematic of the invention with open mine
oilsand extraction facility, where the hot process water for the
ore preparation is generated from condensing the steam gen-
erated from the fine tailings. The tailing water from the oil-
sand mine facility 43 (not shown) is disposed of in a tailing
pond. Fuel 3 (possibly petcoke, coal or asphaltin slurry) and
oxidizer 4 (possibly air) are fed into and then combusted 5
inside a horizontal parallel flow DCSG 1. The energy source
of'the fuel and oxidizer generating hot combustion gas can be
replaced with steam. Concentrated MFT 2 is injected into the
DCSG as well. The non-segregating concentrated tailings can
be generated by commercially available apparatus configured
to mechanically separate a portion of the liquid like a centri-
fuge, a settler, a thickener, a filter press, a leaf filter, and a
hydro cyclone where the tailings is partially dewatered. Floc-
culent can be mixed with the tailings flow to enhance the
mechanical water separation.

The MFT is converted to gas, steam, and solids. The solids
are removed in a solid gas separator 7 where the solid lean
stream 9 is washed in tower 10 by saturated water. Some
designs of apparatus 1 perform better when a portion of the
combustion solid lean gas stream is recycled back to the
combustion stage by mixing it with the feed air 4. Some
commercially available designs of apparatus 1 circulate por-
tion of the combustion solid lean gas stream back to the
combustion stage by mixing it with the feed air 4. In tower 10,
the solids are washed out and then removed 13. SO2 can be
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removed from the saturated water using lime. The solid rich
discharge flow 13 can be recycled back to the DCSG or to the
tailing pond for disposal. Heat is recovered from saturated gas
16. The amount of heat recovery is limited in order to main-
tain heat exchanger 17 at a reasonable size. Steam is con-
densed to water 20. The recovered heat 19 can be used for
pre-heating the MFT, BFW (not shown) or foruse in any other
process. The condensed water 20 can be used as hot process
water and can be added to the flow 24. The remaining heat in
flow 18 is recovered and the water vapor is washed. It con-
denses to liquid water 22 in vessel 21 because of direct con-
tact with cold process water 25. The NCG 36 can be used as
part of the process for slurry aeration or for reducing the pH
in the tailing water (not shown). If heat exchanger 17 is used
it will be possible to avoid the direct contact heat exchanger
21 as described in FIG. 3B.

The fine tailings 32 are pumped from the tailing pond and
separated into two flows by a centrifugal process 14. This unit
separates the fine tailings into two components: solid rich 30
and solid lean 33 flow. The centrifuge unit is commercially
available and was tested successfully in two field pilots. Other
processes, like thickening the MFT with chemical polymer
flocculent, can be used as well instead of the centrifuge. The
solid lean flow can contain less than 1% solids. The solid rich
flow is a thick slurry (“cake”) that contains more than 60%
solids. The solid lean flow is recycled back to a settling basin
(not shown) and eventually used as process water 35. The
solid concentration is not dry enough to be disposed of effi-
ciently and to support traffic. This can be solved (shown in my
invention) by mixing it with the “water starving” material
(virtually dry solids generated by the DCSG), possibly with
calcium sulfite and calcium sulfate.

Mixing of the dry solids and the thick slurry can be
achieved through many commercially available methods, as
mentioned in FIG. 11. In this particular figure, the mixture is
done by a screw conveyer 29 where the slurry 30 and the dry
material 8 are added to the bottom of a screw conveyor, mixed
by the rotating auger 26, and then the stable solids are loaded
on a truck 28 for disposal. The combining of the dry tailings
solids with water wet tailings produced from an extraction
process will form strengthened tailings, suitable for dispos-
able. The produced solid material 27 can be backfilled into the
oilsand mine excavation site and then used to support traffic.
In this particular figure, there are two options for supplying
the fine tailing water to the DCSG: one is to supply the solid
rich thick slurry 30 from the centrifuge or thickening unit 31.
The other is to provide the “conventional” MFT 34, typically
with 30% solids, pumped from the settlement pond. Feeding
the MFT “as is” to the DCSG eliminates the TIC, operation,
and maintenance costs for a centrifuge or thickening facility.
For option 1, the overall amount of recovered MFT will be
larger, while the heat efficiency and the amount of heat recov-
ered from each ton of fuel will be smaller (and vice versa for
option 2). The tailing pond characters 44, 45, 46 and 47 are
described in FIG. 13.

FIG. 15 is a schematic of the invention with an open mine
oilsand extraction facility, where the heat source is a gasifier
with maximization of the MFT recovery (in comparison to
FIG. 13). The partial combustion takes place inside the gas-
ifier 54. Fuel 56 and oxidizer 57 are injected and combusted in
the gasifier. Steam 55 is generated from BFW 59. Contami-
nates mostly solids are removed from sump in a liquid form
15 for treatment or disposal. Make-up water is added to the
sump. The hot syngas 5 flows to the horizontal parallel flow
DCSG 1. Concentrated MFT 2 is also injected into the DCSG.
The MFT is converted to gas-mainly steam, and solids 6. The
solids 8 are removed in a solid gas separator 7. The solid lean
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stream 9 flows through heat exchanger 11, where it heats the
process water or any other process flow 12, indirectly through
a heat exchanger to generate hot extraction water 10. Sour
condensing water 13 is removed from the bottom for further
treatment. The syngas 17 is also treated further. This treat-
ment can include the removal of the H2S in an amine plant. It
can also include generating a hydrogen and CO based gas to
replace the natural gas (not shown).

The fine tailings 14 are pumped from the tailing pond and
can then be separated into two flows through a specific sepa-
ration process. Separation 15 is one option to increase the
amount of MFT removal. The process can use natural MFT
both at flows 2 and 16. This separation can be based on a
centrifuge or on a thickener (like a High Compression Thick-
ener or Chemical Polymer Flocculent based thickener). This
unit separates the fine tailings into solid rich 16 and solid lean
2 flows. The solid lean flow 2 possibly after pre-heating is fed
into the DCSG 1 where dry solids are generated and removed
from the gas-solid separator. The solid rich flow 16 is mixed
with the dry solids 8 in a screw conveyor 29. The heat of the
solids 8 can dry portion of the water in tailing flow 16 during
the mixing 26 to generate a cooled stable material 27 that can
be trucked 28 for backfilling the oilsands excavation pit. The
tailing pond and extraction characters 40, 41, 42, 43, 44, 45,
46 and 47 described in FIG. 13.

FIG. 16 is a schematic of the invention with an open mine
oilsand extraction facility, where the hot processed water for
the ore preparation is generated from direct contact heat
exchange between the process water, the condensing steam
generated from the MFT, and the combustion gas. The tailing
water from the oilsand mine facility 43 disposed of in a tailing
pond. The tailing pond that includes characters 44, 45, 46 and
47 is described in FIGS. 13, 14, 15. Fuel 5 (possibly petcoke,
coal, or asphaltin slurry) and air 6 is injected into and then
combusted inside a horizontal counter flow DCSG 7. The fuel
and oxidizer can be replaced as an energy source by steam.
MET flow 9 is injected into the DCSG. The MFT is converted
to gas-mainly steam, and solids. The solids are directly
removed from the DCSG. The solid lean discharge stream 10
is washed in tower 13 by saturated water 12. In the tower, the
solids are washed out and removed. SO2 is removed using
lime. The solid-rich discharge flow 11, with the generated
calcium sulfite and calcium sulfate, is recycled back to the
DCSG 7. Make-up water 14 with chemicals additives is added
to vessel 13 to replace the discharged water 11 and the water
evaporated and converted to gas to generate saturated steam.
The steam saturated gas 15 flows to vessel 20, where it is
mixed with the cold process water 22 recycled from the tail-
ing pond. The generated hot water is used in ore preparation
unit 40. The ore slurry 41 is processed in the oilsands pro-
cessing plant 42 that includes flotation separation and froth
treatment and generate stream of tailings 43 The pressurized
NCG 16 from vessel 20 can be used in the process (not shown)
or expanded on a turbo expander 17 to recover part of the
energy used for compressing the oxidizing air 18. The fine
tailings 25 are pumped from the tailing pond. They can be
separated into two flows by a centrifuge or thickening process
or used in their natural form without any treatment 23. This
centrifuge 24 or thickening unit separates the fine tailings into
a solid rich flow 9 and a solid lean flow. The centrifuge and
thickening units are commercially available. The solid lean
flow is recycled back to process water 22. The solid concen-
trated flow 9 is mixed 3 with the hot dry solids 4 to generate
a cooler stable disposal material at 2.
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FIG. 16A is a schematic of the present invention with a
parallel flow DCSG. A typical oilsands mine and extraction
facility is briefly described in block diagrams 1 and 2. the
characters in blocks 1 and 2 that includes 3,4, 5,6, 7,17, 18,
19,16, 8,9,10,11, 12,13, 15, 21, 23, 35, 14, 36, 20, 37, 38,
39 and 27 described in FIGS. 11 and 12.

The oilsands plant generates a flow of tailings 50 and cold
process water 40. For its operation, the plant mainly con-
sumes the process water after it has been heated-up to 70 C-90
C. The tailing 50 includes a portion of stable FT (Fine Tail-
ings) that will be pumped from the deep locations of the
tailing pond. Fuel 76 and oxidation gas 75 are injected into a
vertical parallel flow DCSG 71. FT 77 is injected into the
DCSG. Chains are used to improve the heat transfer and to
remove solids deposits. FT can be injected into the DCSG
near the discharge side. FT flow 723 is injected in order to
control the discharge temperature, for dust control, and to
exactly control the moisture content of the solids discharge.
The solids 718 can be removed from the system using a single
or double extruder type design or any other controlled way
that can mobilize the stable solids. The removed solids are
trucked out to be used as re-fill and to support traffic. The
DCSG can also include a solid removal cyclone on the steam
and combustion gas discharge 717. The discharged gas is
washed 55 in vessel 51 to remove SOx, NOx, and any solid
remains. Contaminated Blow-down 53 from vessel 51 is
removed to maintain controllable contaminates levels within
vessel 51. The contaminate scrubber blow-down 53 is
injected close to the DCSG discharge 718. Make-up water 54
is continually added to vessel 51, possibly with an alkali
chemical like Lime stone slurry to remove the SO2. The
generated solids, with the lime stone remains that didn’t react
with the SO2, are recycled back to the DCSG, together with
the FT, where they can complete their reaction with the SO2.
The injection of the FT 44, thickened FT 48 and blow-down
53 to the DCSG is done in few locations 77 at the higher end
of vessel 71, 723 at the lower end of vessel 71 and 724 close
to vessel 71 discharge 718. The make-up water is taken from
the hot process water 57. The solids free and SO2 free (traces
levels of sulfur oxides will remain even after the two stages of
SO2 removal in the DCSG 71 and in the scrubber 51) satu-
rated gas flow 52 will flow to vessel 56 (a counter flow direct
contact heat exchanger between the cold process water 40 that
is spread at the top of the vessel and the up-flow saturated
steam and combustion gas 52). The saturated steam (from the
FT) condenses with the process water. The hot process water
57 supplied back to the oilsand extraction plant. The NCG 58
that can include light hydrocarbons is recovered from heat
exchanger 56 and is mixed 8 with the oilsands emulation 7.
Portion of the NCG 58 can be compressed 59 and recycled
back to the DCSG 722 where it can be used to separate solids
from the discharged produced steam 717. The tailing pond
characters 42, 45, 46 and 47 are described in FIG. 16. Portion
43 from MFT 41 pumped from the tailing pond can be sepa-
rated 49 to recycled water and thickened tailings 48.

FIG. 17 is a schematic of the invention with an open mine
oilsand extraction facility, where the hot process water for the
ore preparation is generated from condensing the steam gen-
erated from the MFT and from cooling the combustion gas
through an indirect heat exchanger. Fuel 3 and oxidizer 4 are
mixed and combusted inside a horizontal parallel flow DCSG
1. It is also possible to inject hot gas 5 into the DCSG. MFT
2 is also injected into the DCSG. The DCSG, which is also
called dryer, converts the MFT to gas 6, mainly steam, and
solids. The injected MFT can include lime stone or HLS
sludge from OTSG facilities, like SAGD. The calcium will
react with the SO2 to reduce the amount of SO2 in the DCSG
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discharge. The solids 8 are removed in a solid gas separation
7. The solid lean stream is washed in tower 10 by discharged
tailing water 11 from the oilsands extraction facility 18. This
tailing water collects the heat from the up-flow gas 9 and the
condensed saturated water 17. The hot tailing water 13
exchanges heat in non-direct heat exchanger 12 where the
water heats the cold process water while cooling the tailing
water. The cooled tailing water 15 is directed to the tailing
pond where its acidity (especially due to the CO2 and SO2 gas
remains from the fuel combustion) might accelerate the steel-
ing time for the fine tailings, thus decreasing the tailing pond
size. The recycled water 16 after heating to generate hot
process water 14 is used for the ore preparation. The pressur-
ized NCG 17 can be used for aerating the slurry or for expan-
sion on a turbo expander for producing energy, as described in
previously figures. The amount of SO2 in the discharged gas
9, even with the use of lime stone slurry with the MFT, will be
higher than, for example, in FIGS. 3A and 4 where the SO2 it
is removed in two stages (the calcium that didn’t react in the
wet scrubber flows backwards to the DCSG). This option, for
increasing the acidity of the tailing pond using SO2 (andto a
much smaller extent, with the high level of CO2 presence in
the DCSG combustion gases), can be used with the previous
Figures. However, even if the acidity will accelerate the FT
separation, it will be required to remove the acidity from the
recycled process water before it is reused (to bring it to a pH
that is only slightly caustic) and to investigate the environ-
mental impacts of acid tailing ponds. Tailing water 19 from
the oilsands facility 18 is discharged to the tailing pond. MFT
20 from the tailing pond is directed to mixer 29 where it mixes
with the hot solids 8 generated by the DCSG (also called
Dryer) 8 to generate cooled and stable solid back-fill material
that can support traffic. Characters 44, 45, 46 and 47 are
described in FIG. 16.

FIG. 18 is a schematic view of the invention with an open
mine oilsand extraction facility and a prior art commercially
available pressurized fluid bed boiler that uses combustion
coal for power supply. Examples of pressurized boilers are the
Pressurized Internally Circulating Fluidized-bed Boiler
(PICFB) developed and tested by Ebara, and the Pressurized-
Fluid-Bed-Combustion-Boiler (PFBC) developed by Bab-
cock-Hitachi. Any other pressurized combustion boiler that
can combust petcoke or coal can be used as well. AREA #1 is
a prior art Pressurized Boiler. Air 64 is compressed 57 and
supplied to the bottom of the fluid bed combustor to support
the combustion. Fuel 60, like petcoke is crushed and grinded,
possibly with lime stone 61 and water 62, to generate pump-
able slurry 59. The boiler includes internal heat exchanger 63
to generate high pressure steam 51. Dry fuel 54 can be fed to
the pressurized boiler through dry feeding system 53 which
includes a set of pressurized chambers. The steam 51 is gen-
erated from steam boiler drum 52 with boiler water circula-
tion pump 58. The boiler heat exchanger 63 recovers energy
from the combustion. BFW 65 is fed to the boiler to generate
steam 51. The steam can be used in the bitumen plant for
various uses like flashing solvent and traditional heating of
the produced water. The boiler generates pressurized com-
bustion gas 1 at a pressure of 100 kpa and up to 1.5 mpa and
temperatures of 600 C-900 C. The discharge flow can include
a cyclone (not shown) to recycle unburned fuel back to the
fluid bed. The cyclone will be simple compared to the solid
separation required in the prior art. The reason is that in the
prior art, the hot combustion gas from the PFBC expands on
a gas turbine to recover energy and after that it is released to
the atmosphere. The gas turbine is sensitive to solid particles
(both for abrasive particles and for particles that intend to be
deposited on the turbine stators and rotors). The discharge to
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the atmosphere is even more stringed and will required filter
bags or electrostatic separators, together with gas scrubbers,
to remove some amount of SOxs and NOxs to meet the
specified level. In my application there is no need to remove
solids from the combustion gas 1 because this gas is fed to the
DCSG 3 where additional solids are created (due to the con-
version of MFT to solids and gas). Solids from the fluid bed of
the PFBC 55 can be recovered to maintain the fluid bed solids
level. (This is a common practice in FBC (Fluid Bed Com-
bustion) and PFBC). The solids are directed and added (not
shown in FIG. 18) to the solids discharged from the DCSG in
lines 4 and 23. The fluid bed solids can be mixed with the
DCSG solids and discharged as a stable solid waste 27 pos-
sibly with additional MFT 47 that can be back-filled and used
to support traffic. The pressurized combustion gases leaving
AREA#1 are mixed with MFT 48 and possibly with other low
quality waste water and slurry sources 5, like HLS/WLS
sludge produced by SAGD/CSS water treatment plant. Addi-
tional lime stone can be added to the DCSG. There are a few
designs that can be used as the DCSG 3. The solids in dry
form, possibly with a small amount of water to reduce dust
problems, are discharged from the DCSG. Another option is
to add a solids separator 20 at the DCSG discharge flow line
6. This might not be required if the solids are removed effec-
tively from the DCSG lower section, and especially if they
contain a high enough water humidity to control the generated
dust. The amount of water required with the discharged solids
27 will be according to the back-fill specification. The heat
within solids 23 can evaporate portion of the water within the
MFT 47. The maximum amount of humidity in the dis-
charged solids should be allowed as long the solids are stable
enough to be transported by standard oilsands mine equip-
ment and support traffic. This will maximize the amount of
MEFT consumed in the process and minimize possible dust
problems. The heat from the combustion NCG and from the
steam leaving the DCSG 21 is recovered by direct contact
heat exchange and condensation with liquid water 13. The hot
water from tower 7, with the condensing steam from flow 21,
is used by non-direct heat exchange 10 to heat the process
water 15 which is used 11 in the oilsand mine ore preparation
facility 40 for mixture with the mined oilsand ore. The cool
condensate 14 (that was originally generated from the MFT in
the DCSG), that possibly contains low levels of sulfur and
nitrogen acids and some solid remains as well, is separated to
recycled water 43 and fine tailings 64 in a tailing pond. The
water recovery and thermal efficiency in this scheme is lower
than in, for example, the heat and water recovery described in
FIG. 12 or FIG. 3A. However, this configuration can be sim-
pler to implement and less sensitive to solids, acids and other
contaminations in the generated gas. If the levels of contami-
nation in the heated scrubbing water 9 are acceptable for use
in the ore preparation facility, the heated scrubbed water can
be directed there 49, as described in FIG. 12. The NCG 12
from direct contact heat exchanger and scrubber 7 canbe used
in the extraction facility for froth aeration or as a source for
light hydrocarbons. One possible problem with using it will
be the change in pH from caustic to light acidity due to the
high percentage of CO2 in the combustion gas. The impact of
that on the extraction and separation process should be exam-
ined further and tested. The MFT 46 is supplied to the DCSG
48. Some MFT 47 can be directed and mixed with the
extracted solids to increase their humidity content as previ-
ously described. The tailings pond characters 44, 45, 46, and
47 are previously described in FIG. 16. The oilsands facility
characters 40, 41 and 42 are previously described in FIGS. 13,
15 and others.
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FIG. 19 is a schematic of the invention. AREA 1 includes a
prior art extraction facility. (See “Non Segregating Tailings at
the Horizon Oil Sands Project” presented by Canadian Natu-
ral Resources Limited on December 2008 at the International
Oil Sands Tailings Conference in Edmonton, Alberta). Hot
water 11 is mixed with oilsand ore (not shown) and hydro
transported 11 to PSC (Primary Separation cell) 12. Bitumen
Froth 13 is separated from the PSC and after deaeration 15 in
froth deaerator 14, is supplied to the Froth treatment facility
(not shown). The water, solids, and bitumen remains are
pumped 16 from the bottom of the PSC 12 and directed to the
first stage cyclones 17. The water and solids are discharged
from the cyclone bottom and directed to NST (Non Segregat-
ing Tailing) pump box 24. The water, with some bitumen, 18
flows to the second stage cyclone feed pump box 19 and from
there it is pumped 20 to the second stage cyclones 21. The
water and solids 23 from the second stage cyclones are
directed to the NST pump box 24. Water, with bitumen recov-
ered from the second cyclone top 22, together with water,
bitumen and solids recovered from the middle of the PSC 26,
is directed to a flotation feed pump box 25 and pumped 27 into
flotation cells 28. From the flotation cells the flotation froth 29
is recovered and recycled 57 from the flotation froth pump
box 31 back to the PSC. The tailings 30 are recovered and
pumped 33 from the flotation tailings pump box 32 to a
thickener 34. Process water 59 is recovered from the thick-
ener for reuse. The thickened tailings 35 from thickener 34 are
pumped to the NST pump box 34 and from there the tailings
are pumped 50 to AREA 2 tailing pond. To accelerate the
settling in the tailing pond the combustion gas 51 that are rich
with CO2 and possibly SO2 are mixed with the tailings
stream 50. The recovered process water 59, possibly with
make-up water from other sources, and recycled water 47
from the tailing pond (not shown), are directed to a heat
exchanger 58 where it heats the water using the heat recov-
ered from the DCSG gas discharge to generate hot extraction
water 11. The tailing pond described in AREA#2 includes
characters 42, 45 and 46 described in FIG. 16A. A DCSG 6
heats MFT 4 with hot combustion gas. Additional MFT 8 is
added close to the solids discharge to generate slurry, scrub fly
solids from the gas and to increase the overall consumed
MEFT. The discharged hot slurry 10 is mixed with air 67 in
mixer 63 to remove additional water from the tailing to gen-
erate cooler stable solids 64 that can be use for back-fill. The
produced steam 9 is condenses in direct contact heat
exchanger with liquid water. The gas 9 heat is recovered to
heat cold process water 59 to generate hot process water 11.
The hot liquid flow with the scrubbed solids 55 is used to heat
that remained in gas flow 9. The cooler water 62 is separate in
separator 60 to a solids rich flow 52 that is added to the fine
tailings and to a solids lean flow 65 that is sprayed 54 into
steam 9. Make-up water 66 is added to the system to replace
the solids rich discharged flow 52 and the evaporated water
51. The system characters 1, 2, 3, 4, 5, 6, and 7 are described
in FIG. 3A, however, any other configuration, as described in
FIG. 2A-D, with internal fired DCSG or external PFBC con-
nected to DCSG (also called dryer), can be used as well. The
condensate 52 from the MFT and that was gasified in the
DCSG 4, is recovered and directed to the thickener 34. Any
acidity or solids are diluted and removed in the thickener, and
eventually recovered and recycled back as process water. The
cold NCG combustion gas, after the steam and the water are
recovered, is mixed with the NST (Non Segregating Tailings)
to reduce the low pH occurring due to the high content of
CO2. Four Streams 11, 51, 52 and 59 connection between the
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prior art extraction plant described in AREA #1 and the pro-
posed method. Any other extraction configuration in AREA
#1 can be used as well.

FIG. 20 is a schematic of an oilsand mine plant of the
present invention divided into a few areas. AREA 1 describes
a schematic view of an oilsand plant that includes elements
from the plant described in FIG. 11 and the Extraction
described in FIG. 19. FIG. 11 describes the following char-
acters 3,57,4,5,6,7,18,17, 16, 8,9,10, 11, 12, 21, 23 and
14. The discharge from PSC 9 is separated in a first cyclone
separator 13 and in a second cyclone separator 14. The fine
tailings from the first cyclone 25 and the second cyclone
discharged into the tailing pond 65. The bitumen froth from
the second cyclone separator 20 is recycled back to the floata-
tion cells 10. The water and solids 15 from the flotation cells
10 discharged to thickener 18. AREA 2 includes a steam
generation facility, where water 87 and boiler blow-down 85
is treated in water treatment facility 81, as described in FIG.
9, to generate BFW 86. Fuel 83 and air 82 is combusted in
boiler 80. Liquid waste discharge 88 from the water treatment
facility is recycled with the tailings. The generated steam 84
used in the extraction and bitumen treatment plant 14 and in
the froth treatment plant 26 for stripping gas 19, solvent etc.
The fuel 83 used for the steam production in AREA 2 is
typically natural gas, to eliminate expensive scrubbing facili-
ties. AREA 4 includes the tailing pond. MFT 64 is recovered
from the tailing pond in order to be gasified in direct contact
with combustion gases. The tailing pond includes confine-
ment dyke 67, course tailings 68, MFT layer 69 and recycled
water 66 pumped from the top layer 70 of the tailing pond.
Some additional MFT 41 can be removed by mixing it with
the dry solids 45 and 49 generated from the combustion and
from the evaporation of the MFT when it is exposed to high
temperatures. AREA 3 is used for transferring the heat from
the generated steam rich gas stream 53 to generate the hot
process water 57 for mixing it with the oilsands ore. AREA 5
includes a fluidized bed up-flow DCSG. Fuel 31, like petcoke,
and oxidizing gas 31, like air, is combusted to generate an
up-flow stream of combustion gas. MFT 40 is spread into the
upflow combustion gas stream. The solids are supported by
circulating up-tflow combustion gases 36. Solids 49 and 45 are
removed in a dry form where they are further mixed with
MEFT to prevent dust problems and to remove additional MFT
from the tailing pond. Combining the dry tailings with liquid
wet tailings from the pond can be also performed by spraying
the water wet tailings onto the dry tailings. AREA 5 includes
a vertical fluid bed MFT evaporator 39. In section A fuel 31
and oxidizer 32 are burned to generate heat. Fine tailings 34 is
sprayed, possibly with other chemicals 74, in section B
located above section A where due to the heat it converted to
gas mainly steam and solids. Section D at the bottom includes
a fluid bed 33 with oxidizer injection 35 and recycled pro-
duced steam and combustion gas injection 36. Solids 37 are
removed from the fluid bed with carry gas 44 that is separated
from the solids in cyclone 43. The produced gas 42 removed
from section C where portion 46 can be recycled to the fluid
bed. There are a few systems and designs that can be used in
AREAS, some of them described in other figures of the
present invention, like the fired DCSG in FIG. 12A or the
PFBCB of FIG. 18. The PFBCB can replace the steam gen-
eration facility in AREA2, as some ofthe combustion heat can
be used for generating the steam for the extraction and bitu-
men processing facility of AREA1. AREA 3 includes the
solids removal and the hot extraction water generation. Solids
49 are separated from the produced steam 47 in separator 48.
The hot and dry solids, together the solids from the fluid bed
45 are mixed 50 with FT 41 and air 23 to remove additional
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water and generate stable solids 73 that can be used for
back-fill. The fine tailings 41 includes tailings 51 discharged
from thickener 18 as well as a controlled flow 52 of MFT 40.
The heat and vapor from the produced steam 53 is recovered
in vessel 54. The hot condensate 55 that also scrubbed the
solids remains in flow 53 is heating the process water 59 in
heat exchanger 58. The cooled condensate and scrubbing
water 62 are separated in a thickener 60. Fine tailings 63 are
removed from the thickener. Chemicals 75 to accelerate the
thickening separation can be added to the thickener. Water 61
from the thickener is recycled back to vessel 54. The solids
lean water from the thickener 76 are heated through the heat
exchanger 58 and used as the hot process water 57. For upset
situation it is possible to direct water 77 from the thickener to
tailings line 40. The NCG that can include light hydrocarbons
introduced with the fine tailings as well as other NCG gas are
used in the extraction process described in AREA 1.

EXAMPLE 1

The following example, as shown in FIGS. 21, 22, and 23,
is a simulation of the present invention that was done using a
VMG Sim simulation program. Coal feed with high sulfur
content in a slurry form, together with compressed air, was
fed into a Plasma gasifier PG1. The system pressure is 10 bar.
The coal flow burned in the process is 1.08 mt/hour. The
amount of sulfur in the coal was increased in the simulation to
13.8%, which is more than four times the amount of sulfur in
low grade coal, to check the sensitivity of the process. Some
air by-passes the gasifier and is mixed with the syngas to
generate additional heat and for full combustion. Flow L8,
composed of pond water and make-up water, is supplied with
the lime stone to SX-01 and mixed with the combusted syngas
to generate a stream of gases and solids. The Flow L8 includes
the pond water (MFT) together with the recycled water that
includes the solids that by-pass the solid separator and the
lime stone solids. The Flow L8 is 11.7 mt/hour at a tempera-
ture of 81 C and has a 24% solids content by weight. The
discharge from CRx1, called Flow L1, is the discharge from
the DCSG before the removal of the solids (it is different from
the DCSG where the solids are removed with some water
content to prevent dust as was described in FIG. 3A, for
example). Pond water with 23% solids is supplied to the
process at a rate of 6.9 mt/hour and at a temperature of 25 C.
Water L1 and lime stone is supplied to SX-01. The Water L15
is different from the process water used, after heating, for
mixture with the oilsand ore. It can include fine tailings as
long they will stay in a liquid form, even after adding the lime
stone and the by-pass solids. In another example, the whole
stage of SX-01 was eliminated and replaced directly with the
“Water Recovery Tower” as described in FIG. 2A, FIG. 12
etc. where the solid remains are scrubbed by the oilsands
plant hot process water (stream [.20) and the lime stone is
supplied with the petcoke fuel or with the “Pond water” (MFT
water that will replace the Flow L8 in the present simulation).
One option is to supply dry solids from separator CX-01 are
supplied to mixer M1 where they are mixed with additional
MEFT (and therefore removing additional MFT from the tail-
ing pond) with low pressure air to oxidize the generated
CaSO03 to gypsum and increase the water content in the solids
to reduce potential dust while still having a stable, solid
material that can be used as back-fill and to support traffic.
The saturated steam and combustion gas mixture from multi
feed separator SX-01, named Flow [.17, is at a temperature of
167 C,has amass flow of 21 ml/hour and includes 52% steam,
and the rest is the combustion NCG. The Flow .17 is directed
to the water recovery tower SX-02, where it is washed with
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cold water .18, which is the water supplied from the oilsand
mine plant and used, after heating, for the extraction process
for mixing with the oilsands ore. The cold water 118 flow is
at a temperature of 20 C and has a mass flow of 93.4 mt/hour.
The cold non-condensable gases expand on turbo-expander
EX1 with an efficiency of 48% and generate 240 hp. The
produced hot water .20 temperature is 90 C with a mass flow
ot 104.3 mt/hour. The additional water in the heated process
water is due to the steam condensation from the flow 17,
which includes 52% steam. The produced hot water 1.20 is
directed to the oilsand plant, where it is mixed with the
oilsands ore for extracting the tar. The CO2 product ratio
(defined as the amount of product hot water at 90 C) generated
per 1 kg of generated CO2 is 40 [kg H20/kgCO2], (without
considering the air compression electrical consumption).

EXAMPLE 2

The graph of FIG. 24 is a simulation of the system pres-
sure’s impact on the performance of the process as described
in FIG. 2A. The variable in this process is the system pressure.
The heated process water 9 is at a temperature of 90 C. The
graph below is for the combustion of 1000 kg/hour of pet-
coke, the fuel, in air. The pressure is in bars. The conclusion
that can be drawn from the simulation graph is that the opti-
mal pressure for that particular system is in the range of 1.25
bar to 10 bar. Beyond that pressure of the recovery, the effi-
ciency increases slightly, but the facility TIC (Total Installed
Cost) and operation costs will increase dramatically due to
the higher pressure.

EXAMPLE 3

The following results show the simulation of a hot water
generation system, as described in FIG. 12. The system pres-
sure is 10 bar. The simulation balance was done for 1 ton/hour
of petcoke. Flow S-1 on the spreadsheet is stream 43 on FIG.
12 which is MFT with 23% solid concentration. Flow S-3 is
flow 48 on FIG. 12 which is petcoke fuel. Flow S-2 is flow 49
on FIG. 12 which is the combustion gas (air). Flow S-6 is flow
47 on FIG. 12 which is the discharged gas and steam stream
from the DCSG. The discharged gas during the simulation
was at about 300 C. The discharged gas temperature could
change the amount of MFT that is converted to hot water and
solid waste per each ton of fuel (or per each ton of generated
hot process water). Reducing the DCSG discharged gas tem-
perature will increase the amount of MFT 43 consumed by the
DCSG. Stream S-7 is stream 51 on FIG. 12. 90% of the MFT
solids are removed through S-7 and the rest carries on to S-6.
It is expected that the discharged solids will include some
water. However, to simplify the simulation it is assumed that
all the water evaporates. Stream S-8 is the cold process water
supplied from the tailing pond 41. It is assumed that the
tailing pond recycled water is at 20 C. Stream S-10 is the
generated hot process water. The heated process water tem-
perature is 90 C.

The bottom-line is that, as the simulation results show, for
each one ton/hour of combusted petcoke, about 100 ton/hour
0190 C heated process water is generated. About 12 tons/hour
of MFT are converted to process hot water and dry solids.
This does not include the additional MFT that can be removed
by mixing the generated “water starving” dry solids from the
DCSG with additional MFT or even with the dewatered cen-
trifuge MFT “cake”.
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S-1 S-3
(WATER) S-2(AIR) (FUEL) S-5 S-6 S-7 S-8 S-10
T,C 20.00 2500 25.00 299.73 299.73 299.73 20.00 89.98
Enthalpy, MJ/h -165005.00  -97.30 0.00 -165103.70 -152754.60 -12349.13 -1467370.00 —1580274.00
Mass Flowrate, kg/h 12311.00 12527.84 1000.00  25838.84  23281.94 255690  92300.00  101463.90
H20 9470.00 0.00 0.00 9470.00 9470.00 000  92300.00  101179.80
EXAMPLE 4 10 for 1 ton/hour of petcoke. The simulation shows the amount

FIG. 25 shows the simulation results of a simulation of a
hot water generation system, as described in FIG. 11A, with
different system pressures. The simulation balance was done
for 1 ton/hour of petcoke. To simplify the simulation and to
create a comparison base, it was assumed that all the steam
generated in the pressurized boiler was used for heating the
process water from 20 C to 75 C with no heat losses. The
results were compared to a “standard” coal fired boiler and
natural gas fired boiler at closed conditions. In comparison, a
Natural gas boiler is presented in AREA2 in FIG. 11. The
CO2 product ratio is defined as the amount of product (hot
water at 75 C) generated per 1 kg of generated CO2 was found
to be as follows:

The ratio for “standard atmospheric coal” boiler was 33.9 [kg

H20/kgCO2]

The ratio for the system in FIG. 11A in different system
pressures was as follows:

For a pressure of 103 kpa, the ratio was 34.15 [kg H20/
kgCO2]

For a pressure of 2 bar, the ratio was 37.9 [kg H20/kgCO2]

For a pressure of 5 bar, the ratio was 41 [kg H20/kgCO2]

For a pressure of 10 bar, the ratio was 43.25 [kg H20/kgCO2]

The ratio for a standard atmospheric natural gas boiler was

74.9 [kg H20/kgCO2]

The results show that the efficiency of the system in FIG. 11A
is higher than the efficiency that can be expected if a “standard
coal” boiler was used; this is shown even without considering
the cleaning facilities required to clean the combustion gas to
remove acid gases and flying particles before they can be
released to the atmosphere. The CO2 efficiency of the natural
gas boiler (not the thermal efficiency) is significantly higher,
even when compared to the high efficiency 10 bar system. The
reason for that is: burning natural gas generates water that
contributes a significant amount of the heat energy. On a
general note, because coal is much more widespread fuel
resource compared to natural gas, in the future, when natural
gas will not be so widely available as it is today and will be
preserved for residential use, the correct comparison should
includes the amount of CO2 that will be generated from
producing hydrocarbon gases from coal (like with the Fis-
cher-Tropsch synthesis), this will create additional large
amounts of CO2, even without taking into consideration the
significant TIC and operation costs for such facility.

EXAMPLE 5

The simulation results in FIG. 26 show a simulation of'a hot
water generation system, as described in FIG. 2B, with dif-
ferent system pressures. The simulation balance was done for
1 ml of petcoke.

EXAMPLE 6

The simulation results in FIG. 27 show a simulation of a hot
water generation method, as described in FIG. 2B, for two
different system pressures. The simulation balance was done
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of generated hot process water as a function of the process
water temperature. The results shows that for the particular
process feeds and assumptions, generating high temperature
water at 90 C will require a higher combustion pressure
system. If the temperature of the process water can be slightly
reduced (to the range of 80 C-85 C), the system pressure can
be reduced to 103 kpa without significant impact on the
overall process performance. The biggest advantage for
reducing the system pressure will be a reduction in the TIC
cost and the operation costs. The cost and complexity of a
Pressurized Fluid Bed Boiler will be significantly lower for
pressures as low as 103 kpa in comparison to a typical com-
bustion pressure of 1000 kpa that is generally used for gen-
erating electricity.

EXAMPLE 7

The simulation results described in FIG. 28 show the simu-
lation of a pH adjustment method, as described in FIG. 2D.
The system pressure varies between 1000 kpa and 90kpa. The
simulation balance was done for 100 metric ton/hour of hot
process water. The simulation shows the amount of soda
caustic to generate alkali process water for extraction with the
use of direct contact heating of the process water with the
combustion gas. The combustion gas might have “strong
acid” gases (like SOx and NOx) that can be almost entirely
removed during the combustion and by integrated dry or wet
scrubbing (like adding lime stone slurry to the fuel and to the
fine tailing water injected to the combustion chamber or to the
combustion gas, as previously described). However, the com-
bustion gas includes large amounts of “weak acid” CO2 as a
basic part from its composition. The CO2 generates carbonic
acid with water. This will immediately react and remove the
caustic in the process water. One solution can be to use
non-direct heat exchange with the process water. This can be
done through a gas-liquid non-direct heat exchanger/con-
denser, as described in FIG. 6, 15 etc., or by direct contact heat
exchange with the combustion gas using a liquid-liquid non-
direct heat exchanger as described in FIGS. 3, 3A, 9 etc.
Another solution, as described in FIG. 2D, will be to use a
direct-contact heat exchanger but to minimize the amount of
NaOH required. The example shows that by increasing the
temperature of the process water and reducing the pressure to
remove soluble CO2 from the process water, the amount of
NaOH can be minimized as described in FIG. 28.
I claim:
1. A method for producing bitumen, the method compris-
ing the steps of:
combusting carbon based fuel to generate thermal heat;
thermally evaporating liquid so as to generate an evapo-
rated mixture consisting of a solid phase and a gas phase,
wherein said solid phase comprises solids from the liq-
uid after the step of thermally evaporating the liquid;

separating said gas phase from said solid phase to generate
a solid lean gas stream;

extracting heat from said solid lean gas stream while con-

densing said gas phase to a liquid phase;
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heating process water with extracted heat from the step of

extracting heat; and

extracting bitumen with heated process water from said

step of heating process water.

2. The method of claim 1, further comprising the steps of:

after the step of extracting heat from said solid lean gas

stream, mixing said liquid phase with oilsands ore to
generate a slurry; and

recovering bitumen from said slurry.

3. The method of claim 1, wherein said liquid is comprised
of'water, hydrocarbons, dissolved solids, or suspended solids.

4. The method of claim 3, wherein said liquid is further
comprised of hydrocarbons, the method further comprising
the steps of:

directly exposing said liquid to said carbon based fuel

combustion as to combust portion of said hydrocarbons
within said liquid.

5. A method for extracting hydrocarbon from oil sands ore,
the method comprising:

contacting oil sands ore with extraction liquid to form a

slurry, said slurry comprising solids and a bitumen
extract;

separating said bitumen extract from said slurry to form

liquid wet tailings, said liquid wet tailing being com-
prised of said solids and said extraction liquid;

heating said liquid wet tailings to evaporate said extraction

liquid and to form dry tailings and a vapor phase;
recovering heat from said vapor phase to condensate said
vapor phase into a liquid phase; and

combining said dry tailings with water wet tailings pro-

duced from an extraction process to form strengthened
tailings, suitable for disposable.

6. The method of claim 5, further comprising the step of:

heating said extraction liquid.

7. The method of claim 5, wherein said extraction liquid is
comprised of one of a group consisting of: water, solvent,
water with dissolved salts, water with water-soluble adhe-
sives, water with emulsion type adhesives, water with water-
soluble adhesives and emulsion type adhesives, and paraffinic
solvent.

8. The method of claim 5, wherein said dry tailings are
dehydrated due to the step of heating the liquid wet tailings.

9. The method of claim 5, wherein the dry tailings comprise
precipitated asphaltenes.

10. The method of claim 5, wherein said liquid wet tailings
are comprised of at least one of a group consisting of: mature
fine tailings from a water-based extraction process, and non-
segregating tailings from a water-based extraction process.

11. The method of claim 10, wherein said non-segregating
tailings are comprised of at least one of a group consisting of:
a mixture of thickened fine tailings and coarse tailings pro-
duced within a water-based extraction process, and a mixture
of mature fine tailings and coarse tailings produced within a
water-based extraction process.

12. The method of claim 5, wherein said water wet tailings
is partially dewatered prior to mixing with dry tailings.

13. The method of claim 5, wherein the step of combining
the dry tailings with water wet tailings comprises:

spraying said water wet tailings onto the dry tailings.

14. The method of claim 5, wherein the step of combining
the dry tailings with water wet tailings comprises:

mixing to form agglomerates.

15. A method for extracting hydrocarbon from oil sands
ore, the method comprising:

contacting oil sands ore with extraction liquid to form a

slurry, said slurry comprising solids and a bitumen
extract;
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separating said bitumen extract from said slurry to form
liquid wet tailings, said liquid wet tailing being com-
prised of said solids and said extraction liquid;

heating said liquid wet tailings to evaporate said extraction

liquid and to form dry tailings and a vapor phase; and
recovering heat from said vapor phase to condensate said
vapor phase into a liquid phase,

wherein the liquid wet tailings are thickened fine tailings

from a water-based extraction process, and

wherein said thickened fine tailings are comprised of

underflow from a thickener, selected from a group con-
sisting of a high rate thickener and a paste thickener.

16. A method for extracting hydrocarbon from oil sands
ore, the method comprising:

contacting oil sands ore with extraction liquid to form a

slurry, said slurry comprising solids and a bitumen
extract;

separating said bitumen extract from said slurry to form

liquid wet tailings, said liquid wet tailing being com-
prised of said solids and said extraction liquid;

heating said liquid wet tailings to evaporate said extraction

liquid and to form dry tailings and a vapor phase; and
recovering heat from said vapor phase to condensate said
vapor phase into a liquid phase,

wherein said dry tailings are used for mine construction

material, mine refill, or direct reclamation.

17. The method of claim 16, further comprising:

drying said liquid wet tailings stream in a dryer using

combustion heat to produce a dried tailings stream and
liquid vapor; and

recovering heat while condensing the vapor to liquid.

18. The method of claim 17, prior to drying the tailings
stream, further comprising the steps of:

introducing the tailings stream into a heat exchanger to

preheat the liquid wet tailings stream; and

producing a preheated tailings stream.

19. The method of claim 18, further comprising the step of:

increasing a solid content of said liquid wet tailings stream

by introducing a portion of the dried tailings stream into
the liquid wet tailings stream.

20. A method for extracting bitumen, the method compris-
ing the steps of:

combusting carbon based fuel to generate heat;

delivering oil sands tailing material to an apparatus con-

figured to mechanically separate a portion of the liquid
in a tailings flow so as to generate a concentrated oil
sands tailings material;

delivering the concentrated oil sands tailings material to an

apparatus configured to thermally evaporate said liquid
from the concentrated oil sands tailings materials with
said combustion heat so as to produce an output material
consisting of a dried oil sands tailings material and a gas
stream;

separating said dried oil sands tailing material from said

gas stream; and

transferring heat from said gas stream to a liquid stream

used in a bitumen extraction process.

21. The method of claim 20, wherein the apparatus config-
ured to mechanically separate the portion of the liquid is
selected from a group consisting of: a centrifuge, a settler, a
filter press, a leaf filter, and a hydro cyclone.

22. The method of claim 20, wherein the apparatus config-
ured to thermally evaporate liquid is selected from a group
consisting of: a fluid bed dryer, a rotary dryer, a flash dryer, a
dispersion dryer, a ring dryer and a jet dryer.
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23. The method of claim 20, further comprising the step of:

mixing a flocculent with said tailings flow prior to deliver-
ing to said apparatus configured to mechanically sepa-
rate said portion of the liquid.

24. The method of claim 23, further comprising the step of:

recycling a portion of the trafficable dried solids material
by mixing the portion with the concentrated oil sands
tailings material to increase the solid content in the appa-
ratus configured to thermally evaporate the liquids.

25. The method of claim 23, further comprising the step of:

recycling a portion of the gas stream by delivering the
portion of said separated gas stream to combust said
carbon based fuel to generate heat; and

supplying said combustion heat to the apparatus config-
ured to thermally evaporate liquids.

26. A process for extracting bitumen from oil sand, com-

prising:
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mixing mined oil sand with a liquid to produce an oil sand
slurry;
separating the oil sands slurry to a bitumen rich stream and
solids rich stream;
combusting fuel to generate combustion heat;
drying the solids rich stream in a solids dryer with the
combustion heat to produce dry tailings; and
integrating energy used in the solids dryer with a water-
based extraction process by recovering waste heat from
the solids dryer in a warm water stream that is used in the
water-based extraction process.
27. The process of claim 26, whereby the dry tailings are
mixed with mature fine tailings to produce trafficable solids.
28. The process of claim 26, wherein said mature fine
tailings are mixed with dry solids in a rotating tumbler to form
trafficable solid material.
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